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FOREWORD 


During  the  International  Geophysical  Tear  (IGT),  the  Quarte'-mater 
Research  and  Engineering  Center  (now  the  U.S.  Army  Natick  Laboratories) 
conducted  the  micrometeorological  programs  at  Little  America  V  in  195 7 
and  at  the  Soutn  Pole  in  1958*  Theee  programs  were  part  of  the  United 
States  National  Committee-IGT  glaciology  program.  The  observations  at 
the  South  Pole,  made  by  Dr.  Paul  C.  Dalrvapie,  were  published  in  1961; 
their  analysis  was  published  in  1963.  The  present  report  analyses  his 
observations  at  Little  America  V,  and  the  data  are  appealed  in  the  form 
of  tab  ee  of  hourly  raw  data  and  means .  The  analysis  has  been  directed 
toward  determining  the  energy  exchanges  at  the  snow-air  Interface  at 
Little  America  V.  The  exchanges  have  been  computed  by  a  systematic 
analysis  of  all  available  Little  America  V  micrometeorological  data. 
Additional  climatic  analysifa  of  a  le86  specialized  character  is  included 
as  background  for  the  micrometeorological  observations.  Since  the  field 
program  was  discontinued  in  1957  >  this  study  contains  the  analysis  of  the 
whole  body  of  data  obtained  in  the  Quartermaster  mic/ometeorological  pro¬ 
gram  at  Little  America  V. 

The  study  of  the  environment  in  the  Antarctic  at  Little  America  V 
and  at  the  South  Pole  has  provided  vital  data  rad  information  on  two  con¬ 
trasting  climates  fro*  the  least-known  continent  on  earth.  The  knowledge 
gained  has  been  added  to  allied  studies  in  mierometeorology  which  have 
been  made  at  various  sites  in  the  Northern  Hemisphere.  Information  ob¬ 
tained  from  such  stales  can  be  applied  to  other  polar  regions.  Little 
America  V  lies  in  the  same  latitude  as  Northern  Greenland  and  the  northern 
islands  of  the  Canadian  Archipelago.  Little  America  V  was  perhaps  a 
better  place  than  anywhere  in  the  Arctic  to  initiate  such  microaeteoro- 
logical  research,  &b  it  is  located  oc  the  world’s  largest  floating  ice 
6tslf  where  local  terrain  feature*,  are  simplified  compared  to  arctic  sites. 
However,  the  strong  narine-eootluenval  effects  complicated  the  analyses 
and  indicated  Low  complex  nature  can  be  in  a  coastal  polar  environment. 
These  studies  have  provided  cucn  needed  information  on  the  lower  layer 
of  the  atmosphere.  A.t  the  same  time,  they  have  made  a  substantial  addi¬ 
tion  to  basic  research  and  constitute  a  valuable  contribution  by  Depart¬ 
ment  of  Ansy  scientists  to  the  whole  scientific  community. 

The  late  Dr.  Richard  C.  Hublsy  served  as  coordinator  for  the  Little 
America  micrometeorological  program  and  is  responsible  for  drafting  of 
the  original  program.  Dr.  Donald  Porta&n,  University  of  Michigan,  served 
as  consultant  in  1958-9  ejad  was  responsible  for  the  initial  planning  of 
the  data  reduction  and  analypis  program.  Messrs.  Morton  Rutin.  William 
Weyant,  Kirby  Hanson,  end  Edwin  Flowers  of  ESSA  and  Dr.  Herfried  Hcinkes, 
University  of  Innsbruck.  Austria,  all  cooperated  in  making  radiation  and 
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allied  climatic  data  available  for  these  analyses.  The  cats  reduction 
program  was  sponsored  in  part  by  a  Rational  Science  Foundation  grant 
administered  by  The  Ohio  State  University  Research  Foundation.  Misses 
Dorothy  DesRoches  and  Barbara  O'Neill,  Mrs.  Joseph  Kutidla  and  «rs.  Henry 
Bullard  reduced  over  half  a  mile  of  strip  chart  data  onto  usable  punch 
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ABSTRACT 


At  Little  America  V,  the  temperature  range  of  eac^  of  the  9  coldest 
months  is  large,  ns  is  the  annual  range.  Minima  are  c-n'rolied  by  advec- 
tion  of  cold  air  from  the  interior  and  maxima  by  advectior.  of  warmer  air 
from  the  Ross  Sea  area.  The  vin'cr  lacks  a  distinct  temperature  minimum, 
and  mid-winter  reversals  of  temperature  trend  occui . 

Micruneteorologicai  wind  and  temperature  pro: lies  in  the  lowest  6  r. 
of  the  atmosphere  were  recorded  at  Little  America  V  in  155? >  and  hourly 
means  of  temperature  for  about  3  >0^0  hours  and  wind  speed  ^or  about  50G 
hours  are  published  as  Appendix  B  of  this  report.  Procedures  used  to 
analyze  the  1956  micrometeorological  data  fro r.  the  So  :th  Pole  Station  ere 
followed  in  this  analysis  and  results  compared  with  the  less  complex  rela¬ 
tionships  at  the  South  Foie. 

The  curvature  characteristics  of  wind  and  air  temperature  profiles 
(as  measured  by  Deacon  numbers)  are  analyzed  in  great  detail,  employing 
Richardson  number  computation  (which  takes  into  account  wind  shear  as  well 
as  temperature  lapse  rate)  to  express  stability  and  its  change  with 
height.  The  structure  of  the  observed  profiles  is  difficult  to  interpret 
in  detail.  Attempts  to  do  so,  by  considering  such  diverse  factors  as 
wind  fetch,  sxy  cover,  advectior.  or  katabatic  effects,  were  not  entirely 
satisfactory.  Stable  conditions  predominated,  and  cases  of  maximum  stabil¬ 
ity  were  more  extreme  than  at  the  South  Pole.  The  maximum  inversion  in 
the  lowest  3  m  amounted  to  l8.3  C° .  Variations  of  wind  speed  and  tempera¬ 
ture  with  stability  were  similar  to  those  at  the  South  Pole,  but  solar 
radiation  from  sun  and  sky  can  contribute  to  instability  at  Little  America 
V,  while  overcss 0  skies  indicate  that  instability  at  the  South  Pole  can  be 
caused  by  long-wave  radiation  from  the  base  of  stratus  cloud.  The  seasonal 
shift  toward  less  stable  conditions,  as  well  as  the  rise  in  temperature, 
was  delayed  until  October. 

Air  temperature  profile  data  during  winter  frequently  showed  that  the 
minimum  temperature  occurred  at  the  6  or  12  cm  level,  producing  an  "anoma¬ 
lous"  profile.  A  study  of  this  phenomenon,  by  Dr.  H<  H.  Lettau,  is 
included  as  Appendix  A. 

Values  of  the  roughness  length  were  small  and  erratic.  Wind  profile 
structure  also  was  distinctly  less  regular  than  at  the  South  Pole.  In 
spite  of  this,  Richardson  numbers  changed  quite  systematically  with  height 
below  4  n,  suggesting  a  tendency  for  compensation.  Conditions  indicate 
that  a  cccc-on  surface  layer  for  momentum  and  heat  transfer,  if  it  existed, 
was  often  so  shallow  that  the  levels  of  profile  observations  were  above  it. 

Eddy  heat  flux  was  computed  for  the  hours  of  profile  data  on  the  basis 
of  a  similarity  assumption  using  both  estimated  surface  stress  (with 
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Karraan's  constant  equal  to  0.428,  and  Deacon-nur.ber-corrected  wind 
shear)  and  vertical  differences  of  tenperature  and  wind  speed  in  the 
lowest  layers.  To  obtain  representative  climatological  means  of  eddy 
heat  flux,  a  statistical  relationship  was  established  between  Quarter¬ 
master  observations  (concerning  profile  structure  versus  bulk  stability) 
and  regular  synoptic  or  standard  observations  suppiied  by  the  U»  3. 
Weather  Bureau.  It  is  shown  that  it  is  permissible  to  employ  constant 
coefficients  of  transfer  of  momentum  end  heat  at  Little  America  V,  since 
variation  of  individual  coefficients  with  stability  was  quite  erratic 
because  of  the  complicated  profile  structure.  Average  eddy  heat  flux 
varied  from  zero  near  neutral  stability  to  -G.Oo93  ly/min  at  extreme 
stability,  and  average  surface  stress  from  1.6  dynes/cn^  to  C.4.  Aver¬ 
ages  for  5 -day  periods  show  peaks  of  surface  stress  accompanying  the 
passage  of  low  pressure  areas  at  this  coestal  station,  in  contrast  with 
a  lower  average  and  smaller  range  at  the  continental  South  Pole  Station. 

The  annual  variation  of  heat  flux  at  2  m  depth  was  computed  by 
Fourier  analysis,  using  one e- a- day  subsurface  temperature  observations 
by  Chappell.  The  surface  heat  flux  was  obtained  by  adding  the  heat  ex¬ 
change  between  2  m  and  the  surface,  computed  by  layer-by-layer  integra¬ 
tion  of  day-to-day  temperature  changes,  to  the  heat  flux  at  2  m.  The 
energy  budget  at  the  snow-air  interface  is  discussed.  Computations  were 
based  on  hourly  values  of  net  radiation  supplied  by  Hoinkes  and  heat 
fluxes  into  air  and  snow  as  described  above.  The  latent  heat  flux,  ob¬ 
tained  as  a  remainder,  indicates  deposition  in  the  6-month  period  in 
1957  equivalent  to  condensation  of  about  k0  mm  of  water,  1.2  times  as 
much  as  that  reported  for  Maudheim  during  corresponding  months  in  1950 
and  1951.  Increased  deposition  in  the  milder  winter  months  may  be  due 
to  an  accompanying  increase  in  available  moisture. 
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LITTLE  AMERICA  V  WCROMTEOROI.OCY  PROGRAM 


DATA  ANALYSIS 


1.  Introduction 


The  Quartermaster  Corps  Research  end  Developr.ent  Command  (currently 
the  U.  S.  Army  Natick  Laboratories*)  initiated  and  maintained  the  collec¬ 
tion  of  micrometeorological  data  at  Little  America  V  in  1957  r-s  a  part 
of  the  U.S.N.C.-IGY  (U.S.  National  Committee  for  the  International  Geo¬ 
physical  Year)  Antarctic  gleciologicf 1  program.  The  reduction  of  these 
data  (at  the  Quartermaster  Research  and  Engineering  Center  et  Naticr. ) 
was  supported  partly  by  National  Science  Foundation  grants  which  were 
administered  by  the  Ohio  State  University  Research  Foundation. 

Data  from  a  similar  program  conducted  by  the  Quartermaster  Corps  at 
the  South  Pole  Station  in  1958  have  been  presented  and  analyzed  in  tech¬ 
nical  reports  ES-2,  "South  Pole  Kicror.eteorology  Program,  Part  I:  Data 
Presentation,-'  and  E3-7,  "South  Pole  Kicror.etecrology  Program,  Part  II: 
Data  Analysis." 

Technical  Report  ES-7,  and  the  following  reports  have  been  accepted 
for  the  first  volume  of  Antarctic  Meteorology,  a  publication  of  the 
American  Geophysical  Union  for  the  National  Academy  of  Science: 

A  Regional  Climatology  of  the  Antarctic  Plateau 

A  Case  Study  of  Katabatic  Flow  on  the  Antarctic  Plateau 

Surrounding  the  South  Pole 

For  bibliographical  detail  see  [1-4]  of  the  list  of  references.  In  addi¬ 
tion,  the  South  Pole  micrcsneteorologicel  observations  are  discussed 
relation  to  theoretical  models  in  [5)* 

The  objectives  of  the  programs  and  plan  of  analysis  were  outlined  in 
the  South  Pole  Data  Analysis  [2],  and  primarily  were  to  determine  the 
interrelationships  between  low-level  wind  and  temperature  profiles  end 
the  general  meteorological  and  glaciclogicai  conditions  of  the  energy 
budgst  at  the  interface,  and  to  analyze  temperature  profile  data  to  deter¬ 
mine  a  climatology  of  the  air  temperature  distribution  in  the  lowest  8 
meters  of  the  atmosphere,  which  includes  the  environmental  layer  for 
human  surface  activities. 

♦Abbreviation  "QK"  will  be  used  since  program  was  conducted  under  the 
Quartermaster  Corps. 


Study  of  the  Little  America  V  microclimatic  data  (1957)  has  been 
sponsored  by  the  U.  S.  Army  Natick  Laboratories  and  the  results  are 
being  reported  in  this  publication.  A  brief  climatological  summary 
(1957  and  1958)  and  comparison  vith  the  results  obtained  at  earlier 
"Little  America"  sites  and  several  other  stations  in  the  coastal  region 
of  the  Antarctic  continent,  are  included.  A  discussion  of  the  "elevated 
minimum"  found  in  the  inversional  temperature  profiles  is  discussed  in 
Appendix  A,  and  the  micrcaneteorological  data  are  presented  in  App  ndix  B. 


2.  Climatic  and  Microclimatic  Summary 

2.1  General  charfcter  of  the  area  and  of  the  climatic  data 

2.1.1  The  Boss  Ice  Shelf.  Little  America  V  was  located  at 
70°12'S  and  lo2*ll'W  on  the  Ross  Ice  Shelf,  4  km  south  of  Kainan  Bay. 

The  shelf  is  floating  except  for  a  few  such  places  as  Roosevelt  Island 
(see  Crary  (63);  it  has  an  area  of  approximately  525*000  km^  (2(33,000  sq. 
statute  mi. ),  or  about  4$  of  Antarctica;  surface  elevation  ranges  gener¬ 
ally  from  about  25  to  110  m  above  sea  level;  ice  thickness  varies  from 
about  22  to  771  m  and  is  quite  uniformly  between  350  and  45 0  m  in  the 
central  and  western  parts  of  the  Ross  Ice  Shelf.  At  the  Little  America  V 
location,  SIPKE*  (currently  CRHEL)  found  an  ice  thickness  of  257  m  (se ; 
Crary  (7,  p  273).  Roosevelt  Island  [6],  south  of  the  station,  has  an  area 
of  8720  km  (3365  sq.  statute  mi.)  with  maximum  elevation  estimated  to  be 
64o  ra.  The  ice  is  flowing  northward  at  a  rate  estimated  at  0.2  to  1.5 
km/yr  (63,  or  at  Little  America  V  about  1  m/day  [8],  The  sun  remained 
below  the  horizon  from  late  April  until  late  August  and  was  continuously 
above  the  horizon  from  late  October  to  late  February.  Little  America  V 
was  operational  during  the  IOY,  but  wa3  closed  in  January  1959. 

Monthly  mean  temperatures  from  February  1957  to  October  1958,  as  re¬ 
ported  in  the  U.  S.  Weathsr  Bureau's  Local  Climatological  Summaries  fer 
Little  America  V,  are  illustrated  in  Figure  1.  Also  shown  are  the  6-yoar 
averages  of  monthly  means  (1911,  1929,  193^,  19^0,  1956,  1957)  for  various 
"Little  America"  locations,  on  the  Ross  Ice  Shelf,  as  computed  by  H. 

Wcxler  (9,  Fig.  2,  p.  5793  . 

2.1.2  The  "kemlose"  or  "coreless"  winter.  Monthly  mean  tem¬ 
peratures  that  show,  when  plotted,  no  central  core  of  minimum  temperatures 
have  been  found  to  be  characteristic  of  polar  latitudes.  Such  a  "coreless" 
winter  (with  mid-winter  reversals  of  the  temperature  trend)  is  evLdent  at 
Little  America  V.  In  his  study  of  observations  from  the  French  Antarctic 


♦SIPRE,  Snow,  Ice  and  Permafrost  Research  Establishment 
CRKEL,  Cold  Regions  Research  and  Engineering  Laboratory 
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Figure  1.  Monthly  mean  temperatures:  Little  America  V,  1957  and  '58  from 
USWB  Local  Climatological  Summaries,  and  averages  for  6  years 
(19U,  ’29,  '3^>  '40,  '5 6,  '57)  for  various  "Little  America" 
locations,  computed  by  Wexler  C9 ]• 


stations,  Laroque  [10]  describes  the  characteristics  of  the  polar  winter 
as:  a  large  temperature  range,  no  important  month-to-month  temperature 
variation,  or  a  winter  "lacking  a  center,"  and  a  brief  spring  and  autumn. 
He  shows  that  the  same  characteristics  aia  illustrated  by  the  course  of 
solar  radiation  at  high  latitudes,  and  that  the  course  of  the  monthly 
minimum  temperature  follows  the  course  of  the  solar  radiation  very  closely, 
particularly  at  the  highest  latitude,  the  South  Pole  Station.  The  monthly 
maxima,  on  the  other  hand,  show  the  polar  characteristics  of  insolation 
to  only  a  slight  degree.  This  suggests  that  the  maximum  temperatures  are 
controlled  primarily  by  advection,  the  warm  air  occasionally  being  carried 
even  to  the  South  Pole,  if  not  at  the  surface,  then  aloft,  where  it  later 
is  brought  down  by  turbulence.  VowinckeJ  [11]  also  relates  the  "flat 
temperature  minimum"  in  winter  and  the  rapid  temperature  rise  in  spring 
to  the  course  of  radiation. 
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Monthly  extremes  of  temperature  at  Little  America  V,  from  February 
1957  through  October  1958 ,  are  plotted  in  Figure  2  in  order  to  show  the 
seasonal  course  of  the  maximum  and  minimum  temperatures  and  the  tempera¬ 
ture  range  for  each  month.  Both  the  South  Pole  [10]  and  Little  America 
V  (Fig.  2)  have  large  ranges,  those  of  the  South  Pole  apparently  due  to 
latitude  and  those  of  Little  America  V  to  its  location  on  the  Ross  Sea, 
exposed  to  alternation  of  maritime  and  continental  influences;  both  have 
the  brief  spring  and  autumn.  The  maximum  temperature,  February  1957 
through  October  1958,  was  +2°C  (35°F),  recorded  in  January  1958.  The 
widest  range  between  extremes,  52  C°  (9^  F® ),  occurred  in  May  1957. 
Winter  minima  were  -53°C  (-63°F)  in  May  1957  and  -58#C  (-73*F)  in  Septem¬ 
ber  1958.  It  can  be  3een  from  Figure  2  that  the  monthly  maxima  as  late 
in  the  autumn  as  May  can  be  very  close  to  the  sea  temperature. 


FMAMJ  J  ASONDJ  FMAMJ  JASO 

1957  1958 

Figure  2.  Range  of  monthly  temperature  extremes  at  Little  America  V. 


It  is  estimated  uhat  Laroque's  characteristics  of  the  polar  winter 
would  he  well  illustrated  by  temperatures  summarized  for  o  number  of 
years.  There  is,  however,  considerable  variation  in  both  monthly  means 
and  extremes  from  year  to  year,  particularly  in  early  winter.  This  is 
most  apparent  when  comparing  the  monthly  means  in  April  in  Figure  1 
(-33°C  in  1957,  -22° C  in  1958),  and  the  minima  in  May  in  Figure  2  (-53°C 
in  1957,  -30° C  in  1958. 

In  Antarctica,  stations  at  higher  elevation  are  also,  in  general,  ct 
higher  latitude.  Increases  of  both  elevation  and  latitude,  along  with 
permanent  snow  cover,  result  in  decrease  in  the  lag  of  the  maximum.  How¬ 
ever,  the  month  with  highest  mean  maximum  shows  no  lag  at  Little  America  V, 
in  spite  of  low  elevation,  although  the  lowest  mean  maximum  tends  to 
be  retarded  at  both  the  South  Pole  and  Little  America  V.  This  lag  is 
greater  at  the  coastal  station,  Little  America  V,  because  winter  tempera¬ 
ture  variations  are  very  large  and  advection  frequently  results  in  maxima 
equal  to  the  sea  temperature  in  early  winter. 

The  arnrnal  course  of  temperature  is  described  by  Wexler  [9]:  "As 
the  sun  sets,  the  temperature  drops  rapidly  over  the  continent  but  less 
so  over  the  surrounding  oceans  which  are  only  partly  ice-covered.  The 
increasing  meridional  temperature  gradient  brings  about  the  release  of 
baroclinic  instability  in  the  troposphere  which  initiates  the  formation 
of  numerous  intense  cyclones.  These  cyclones  move  vast  quantities  of 
warm  marine  air  southward,  effectively  'ventilating'  large  portions  of 
Antarctica  above  a  thin  surface  layer  of  cold  air  and  preventing  a  contin- 
ous  decline  in  surface  temperature.  As  winter  proceeds,  a  thicker  and 
wider  ice  pack  extends  hundreds  of  miles  to  the  north  of  Antarctica  and 
materially  lowers  the  temperature  of  the  southward-moving  air  masses,  thus 
encouraging  a  second  drop  of  temperature,  near  the  surface  and  aloft,  so 
that  the  lowest  temperatures  are  usually  found  well  after  the  winter  sol¬ 
stice,  even  as  late  as  September.”  It  does  appear,  however,  that  the  ice 
pack  extends  many  hundreds  of  miles  off  shore  st  Little  America  V  by  June, 
possibly  as  far  as  in  September.  This  was  true  in  other  years  (see 
Herdman  [123),  but  its  location  in  June  1957  is  not  known.  Nevertheless, 
the  temperature  in  June  1957  rose  to  a  maximum  of  -V*C  at  Little  America  V. 

The  range  of  monthly  mean  temperature  In  1957  was  31.2  C*  (56.1F*) 
from  -4.U*c  (24.1#F)  in  December  to  -35.6*C  (-32.0*F)  in  July.  The  monthly 
mean  temperatures  fell  rapidly  through  April  and  then  rose  to  the  anomalous 
secondary  maximum  in  June.  However,  in  April  and  June  of  1958  there  were 
less  pronounced  interruptions  of  the  seasonal  cooling.  While  July  was 
the  coldest  month  in  both  years,  temperatures  did  remain  low  in  .'ugust 
and  September,  i.e.,  for  a  certain  period  after  reappearance  of  the  sun. 
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Figure  3-  Monthly  mean  temperutur  s  during  the  year  1957  for  indicated 
coastal  stations  of  the  Antarctic  continent. 


Apparently,  In  the  year  1957,  cyclonic  activity  in  the  R.,s£  Sea  arc. 
becar  e  most  effective  in  June,  adverting  warn  a'.r  ard  raising  or  holding 
steady  the  monthly  rear,  temperature  at  Little  Anericu  V,  Hallett  and 
MeMurdo,  while  at  d’Urville,  Kirny  and  Wilkes,  farther  vest  along  the 
coast,  and  Ellsworth,  on  the  Weddell  Sea,  terpe natures  continued  to  fall 
in  June.  The  coldest  r.onthly  mean  temperature  at  Wilkes  occurred  in  June, 
at  Little  America  V,  KcMurdo,  Mirny  and  d'Urville,  in  July,  and  at  Hallett 
and  Ellsworth  in  August  (see  frontispiece).  (The  course  of  temperature 
in  1957  at  Halley  Bay  and  Belgrano,  according  tc  Wexier  [9,  Fig.  5)  »  was 
similar  to  that  at  nearby  F'isvorth  (Fig.  3),  tut  although  observations 
from  1955  and  195°  show  the  "kemlose"  winter  type  with  temperature  rever¬ 
sals,  the  oininur.  occurred  in  September  in  1955,  in  May  in  1956,  and  in 
August  in  1957  in  that  area.)  Ellsworth  shows,  in  1957,  the  lowest  monthly 
minimum  (-3c.9°C  in  August)  of  all  the  coastal  stations  cited  m  Figure  3* 
Although  temperature  trends  did  not  reverse  in  early  winter  at  Ellsworth 
(in  contrast  to  the  stations  in  the  Ross  Sea  area),  the  annual  mean  was 
very  close  to  that  at  Little  America  V,  as  might  be  expected  from  similar¬ 
ities  in  latitude,  elevation,  and  ice  shelf  exposure.  In  1957,  d'Urville 
was  slightly  warmer  than  Kirny  in  summer  (October  tnrough  March)  and 
slightly  colder  in  winter  (April  through  September). 

The  data  used  for  the  construction  of  Figure  3  and  for  curves  for 
Little  America  V  in  Figure  1  are  summarised  in  Table  2. 1.2.1. 

In  conclusion,  the  winter  is  "coreless”  at  both  coastal  and  inland 
stations  of  Antarctica.  In  addition  to  one  or  core  reversals  of  the 
seasonal  trend  of  temperature,  usually  in  early  winter,  there  is  consid¬ 
erable  month- 1 o- month  variation.  The  primary  control  of  the  minimum 
tsrrpei  ature  is  the  annual  course  of  solar  radiation,  while  the  winter 
maximum  is  controlled  by  advection.  The  "coreless"  winter  and,  in  parti¬ 
cular,  the  reversals  in  the  temperature  course  are  least  evident  at  those 
stations  most  subject  to  katabatic  winds.  While  "coreless"  winter  and 
temperature  reversals  are  evident  at  inland  stations,  they  are  more  pro¬ 
nounced  at  the  coastal  stations,  particularly  those  on  the  Ross  Sea.  It 
is  estimated  from  Figure  2  and  observations  for  1957  and  1958  at  Little 
America  V  that,  due  mo  the  reversals  in  the  seasonal  course  of  tempera¬ 
ture,  both  the  winter  mean  minimum  and  absolute  minima:  in  a  particular 
year  may  occur  in  any  month  from  April  to  September,  aithc* -n  occurrence 
in  April  would  be  most  unlikely  except  at  the  highest  latitude. 

It  is  difficult  to  assess  the  effect  of  the  extent  of  the  ice  pack 
on  the  seasonal  course  of  temperatures  at  the  coastal  stations  since  it 
may  extend  as  far  off  shore  in  the  Ross  Sea  area  in  June  as  in  September; 
however,  the  contrast  in  tenperatvre  between  the  open  water  and  air  from 
interior  Antarctica  is  undoubtedly  an  important  factor  in  the  cyclonic 
activity  which  advects  warm  air  over  the  Antarctic  continent,  controlling 
the  time  of  occurrence  of  the  annual  minimum  and  influencing  the  near 
monthly  temperature  through  the  magnitude  of  the  monthly  mean  maximum. 


♦Read  to  0.5"C  from  graph  in  L‘j>) 


2.1.3  Monthly  temperature  and  wind  speed  at  Little  Amer.ea  V. 
1957.  The  monthly  mean  wind  speed  varied  ^rom  4.2  m/ bee  in  February  to 
7.9  c/sec  in  October,  with  a  maxlxxm.  gust  of  53  -/sec  recorded  in  August. 
Frequency  distributions  of  hourly  tempera tures  and  hourly  wind  speeds 
(USWB  data)  for  9  months  (February  through  Oct-'ter,  1957)  ore  shown  m 
Tables  2.I.3.I  and  2. 1.3. 2. 

2.2  General  character  of  microclimatic  data 

2.2.1  Temperature  differences  and  their  relation  to  wind  speed 
and  wind  direction  (USWB  data).  Temperature  differences  between  15  m  and 
the  surface  (T15  -  T0  J,  obtained  fron  USWB  measurements  by  electrical  re¬ 
sistance  thermometers  called  "thermohms"  (Leeds  and  Northrup  Company  trade 
name),  were  tabulated  by  lioinkes*  for  the  sunless  months  at  Little  America 

V.  The  surface  to  15  ns  inversion  was  >  2  C*,  50f>  of  the  time,  >  7  C*, 

l8$  of  the  time,  >11  C*,  1  Of>  of  the  tine,  while  lapse  conditions  (decrease 
of  temperature  with  height)  existed  for  lc^!>  of  the  time.  A  frequency  dis¬ 
tribution,  based  on  the  number  of  hours  of  occurrence  of  vertical  differ¬ 
ences  by  1  C*  class  intervals,  is  shewn  in  Figure  L. 

Temperature  differences  between  15  c  and  the  surface,  according  to 
wind  speed,  and  the  frequency  of  wind  speeds  are  shown  for  the  sunless 
period  by  the  2  curves  in  Figure  5-  The  figure  illustrates  the  dependency 
of  intensity  of  average  temperature  differences  on  wind  speed.  (T-^  -  TQ) 
averages  5-6  C*  with  speeds  less  thsn  2  m/sec,  decreases  strongly  as  the 
speed  increases  from  2  to  9  m/ sec,  and  fluctuates  around  0.5  C*  with  speeds 
greater  than  9  m/sec. 

Temperature  differences  between  15  s  and  the  surface,  according  to 
wind  direction,  were  also  tabulated  by  Hoinkes.  Figure  6,  based  on  this 
tabulation,  shows  the  frequency  of  occurrence  of  the  16  standard  wind 
directions  and  the  mean  intensity  of  surface  inversions  for  the  directions 
during  the  sunless  months  at  Little  America  V,  The  length  of  *':e  radii 
is  proportional  to  the  average  temperature  difference  (T-,,-  -  T  ).  The 
strongest  inversions  (longest  radii)  occurred  with  wind  directions  from 
west  through  north  to  east,  fer  which  advection  of  relatively  warm  air 
from  the  Ross  Sea  is  to  be  expected.  Winds  blew  free  this  180-degree 
sector  only  25%  of  the  time.  HHW  winds,  though  infrequent  (1.9$),  were 
accompanied  by  the  largest  average  temperature  difference  with  height 
(T.,  r  -  T  =  6.8  C*  ).  Air  flow  was  from  SE  and  SSE  in  hO%  of  all  hours 
during  the  sunless  winter  months.  With  winds  from  these  directions,  the 
temperature  inversions  between  the  surface  and  15  m  were  usually  very 
small,  averaging  about  1  C* . 


•Chairman  of  Department  of  Meteorology  and  Geophysics,  University  of 
Innsbruck,  Austria. 
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3- hourly  observations 


Table  2. 1.3. 2  NUMBER  OF  HOURS  WHEN  WIND  SPEED  MEASURED  BY  AEROVANE  (30- foot  level)  WAS  BETWEEN 

INDICATED  LIMITS  (ns/ sec)  AND  RELATIVE  FREQUENCY  (percent  per  njontb,  in  parentheses) 
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Figure  4.  Little  America  V, 
1957.  Frequency  distribu¬ 
tion  of  average  vertical 
temperature  difference  be¬ 
tween  19  m  and  surface, 
April  through  August.  (From 
USWB  data  tabulated  by 
Holnkes. ) 
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Figure  5*  Little  America 
V,  1957.  Wind  speed  fre¬ 
quency  (dashed  line)  and 
relation  ,to  average  verti¬ 
cal  temperature  difference 
between  15  a  and  surface 
(solid  line),  April  through 
August.  (From  USWB  data 
tabulated  by  Holnkes. ) 
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Figure  6,  Little  America  V,  1957.  Average  vertical  temperature  difference 
between  15  m  and  surface  (T15  -  T0),  April  through  August,  in 
relation  to  wind  direction  and  relative  frequency  of  1 6  standard 
wind  directions.  (Temperature  inversions  from  USWB  data, 
tabulated  by  Hoinkes . ) 


13 


2.2.2  Comparison  of  surface  Inversions  at  South  Pole  and 
Little  America  V  (QM  data).  In  addition  to  the  continuous  temperature 
profile  observations  made  by  the  USWB  with  thermohms,  detailed  micro- 
met  eorologi  cel  profile  observations  were  obtained  by  the  Quartermaster 
Command,  using  fine-gauge  copper-constantan  thermocouples  at  9  levels 
between  the  surface  and  8  m.  Similar  equipment  was  employed  in  1958  at 
the  South  Pole  Station;  reference  is  made  to  [1]. 

Surface  inversions,  as  measured  by  this  equipment,  were  generally 
larger  at  Little  America  V  than  at  the  South  Pole.  In  the  seasonal  course, 
the  maximum  3-minute  temperature  difference  between  8  m  and  the  surface 
(Tg  -  TQ  )  occured  at  Little  America  V  approximately  6  weeks  after  final 
sunset,  and  amounted  to  lQ.8  C between  2  m  and  the  surface  (Tg  -  TQ), 
the  maximum  was  15. 0  C° .  Most  of  the  extreme  inversions  occurred  during 
the  period  of  darkness,  but,  occasionally,  inversions  of  10  C°  between 
the  surface  and  8  m  were  experienced  when  the  sun  was  above  the  horizon. 

The  duration  of  individual  periods  with  an  inversion  greeter  than  10  C® 
was  usually  several  hours,  although  sometimes  the  inversion  would  persist 
for  more  than  ?h  hours.  The  vertical  structure  of  the  typical  inversional 
stratification  within  the  lowest  8  m  at  Little  America  V  was  relatively 
uniform  with  temperature  differences  of  at  least  1  C®  existing  between  all 
instrument  levels.  This  was  in  contrast  to  the  conditions  at  the  South 
Pole  where  the  major  contribution  to  the  total  inversion  was  from  layers 
above  the  one-meter  level. 

2.2.3  Occurrence  of  the  minimum  temperature  at  the  6  or  12  cm 
level,  the  'elevated  minimum”  (QM  data).  Also,  in  striking  contrast  to 
conditions  at  the  South  Pole,  the  minimum  value  of  the  vertical  tempera¬ 
ture  profiles  during  the  winter  months  at  Little  America  V  frequently 
occurred  at  the  6  or  12  cm  level  rather  than  at  the  snow/air  interface. 
Statistical  results  from  hourly  temperature  profile  values  for  the  two 
stations  are  summarized  in  Table  2. 2. 3.1.  This  interesting  phenomenon  of 
an  "elevated  minimum"  in  inversional  temperature  profiles  has  been  ob¬ 
served  at  various  microraeteorological  field  sites  For  an  outline  of  the 
previous  history,  and  a  summary  of  possible  theoretical  explanations,  see 
Appendix  A. 

2.3  Wind  and  temperature  (air  and  snow)  profile  data  reduction 
(QM  data).  At  Little  America  V,  1I49  hourly  wind.  profiles  1  based.  on  5 
anemometer  levels)  were  measured  on  157  days,  and  air  temperature  pro¬ 
files  (based  on  9  thermocouple  levels  between  the  surface  and  8m)  were 
recorded  for  approximately  3000  hours  on  150  days.  Snow  temperature 
measurements  at  4  depths,  and  a  surface  temperature  value  were  also  ob¬ 
tained.  All  temperatures  have  been  transformed  from  millivolt-readings 
on  atrip  charts  to  degrees  C  on  punch  cards.  The  sampling  rate  was  18  per 
hour  at  each  level.  The  data  reduction  was  accomplished  through  an  auto¬ 
matic  read-out  system  especially  designed  for  the  project  by  Dillon  arid 
Arbarchuk  [133.  Data  reduction  was  reproducible  to  ±0.1  C  for  99  per  cent 


Table  2.2. 3.1  MONTHLY  MEAN  STATION  TEMPERATURE,  Tn,  NUMBER  OF  DAYS  WITH  TEMPERATURE  INVERSION 

- —  AND  NUMBER  OF  MYS  OF  OCCURRENCE  OF  MEAN  MINIMUM  AT  INDICATED  LEVELS,  SOUTH  POL] 

1958,  AND  LITTLE  AMERICA  V,  1957  (number  of  days  of  occurrence  with  sun  above 
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of  all  cases.  Tabulations  of  these  data  (105,080  IBM  cards  of  Little 
America  V  profile  data)  were  critically  reviewed  and  edited,  and  summary 
and  mean  cards  were  transcribed  for  each  hour  and  day.  Hourly  averages 
of  wind  speed  at  5  heights  (geometrically  spaced  from  0.5  to  8.0  m)  were 
expressed  in  centimeters  per  second  and  were  punched  onto  IBM  cards 
( 517  cards ) . 

2.4  Computation  of  Richardson  numbers 

2.4.1  Method  of  computation.  Richards on-number  profiles  were 
computed  for  all  periods  when  both  wind  and  temperature  profiles  were 
available,  providing  580  profiles.  Using  wind  and  temperature  measure¬ 
ments  for  the  simultaneous  observation  periods  at  the  common  levels  of 
800,  400,  200,  100  and  50  cm,  gradient  Richardson  numbers,  Ri,  at  400, 
200  and  100  cm  were  calculated  from 


Ri  =  gA  zA0/Tm(AV)2, 


(1) 


employing  I'or  the  delta's  values  frctn  the  three  over- lapping  quadruple 
heights  (800  and  200,  400  and  100,  200  and  50  cm), 

where  g  =  acceleration  of  gravity  (982.3  cm/sec2) 

Az  =  height  difference  (cm) 

AO  =  potential  temperature  difference  (deg  Kelvin) 

Tm  =  layer-mean  temperature  (deg  Kelvin)  obtained  by 
averaging  the  temperatures  at  thu  5  levels 
AV  =  wind  speed  difference  (cm/oec) 

2.4.2  Correction  of  temperatures  at  4  m  level.  An  inspection 
of  the  thermocouple  data  shewed  that  temperatures  appeared  consistently 
too  low  at  the  4  m  level  throughout  the  year  in  spite  of  the  various  inter¬ 
changes  of  leads,  etc.,  that  were  made  from  time  to  time.  It  was  concluded, 
therefore,  that  an  unknown  effect  produced  a  systematic  error.  In  order 
to  obtain  a  correction  term,  the  temperature  and  wind  speed  differences 
between  8 00  and  200,  and  200  and  50  cm  were  used  to  interpolate  Ri  at  200 
cm;  this  result  was  compared  with  Ri  computed  at  200  m,  using  the  temper¬ 
atures  and  wind  speeds  at  400  and  100  cm.  The  difference  between  the 
interpolated  and  computed  Ri  increased  with  stability  in  such  a  regular 
fashion  that  the  correction  to  the  4  m  temperature  at  neutral  stability 
could  be  determined,  by  interpolation,  as  +o.27°C.  The  adjustment  by  0.27°C 
of  all  4  m  temperature  readings  produced  non-linear  curves  of  Ri  versus 
height  at  greater  stability,  which  were  similar  to  those  found  at  the 
South  Pole. 
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3.  Analysis  of  Profile  Structure 


3*1  Grouping  of  profiles  "by  stability,  as  measured,  by  bulk 

Richardson  number ,  fii 1 

3.1.1  Computation  of  bulk  Richardson  numbers.  Bulk  Richardson 
numbers,  Ri',  provide  a  measure  of  the  general  stability  of  the  air  layer 
under  consideration.  Values  were  obtained  by  summing  the  Ri  values  com¬ 
puted  for  400  and  100  cm  and  dividing  the  result  by  the  sum  of  the  heights. 
Hourly  profiles  were  arranged  in  order  of  Ri',  and  collected  into  10- run 
and  30- run  groups.  The  method  is  essentially  the  same  as  that  used  in 
the  "South  Pole  Data  Analysis"  except  that  Ri’  at  Little  America  V  vas 
obtained  from  Ri  at  2  levels  instead  of  3  because  of  the  systematic  error 
of  temperature  measurement  at  UOO  cm.  Originally,  the  method  was  irtro- 
duced  by  H.  Lettau  ClU,  Section  7*k,  p.  328]  in  the  micrcmeteorologa cal 
analysis  of  the  O'Neill,  Nebraska,  data.  In  view  of  the  existing  near- 
to-linear  shape  of  individual  Ri-profiles,  it  is  found  that,  to  a  fair 
approximation,  Ri  =  z*Ri'j  specifically,  Ri'  given  in  10-3/m  can  conven¬ 
iently  be  taken  as  10”3  Ri^oo  cm  which  sometimes  has  been  used  as  a 
stability  parameter. 

3.1.2  Range  of  grouped  bulk  Richardson  numbers.  After  averaging 
wind  and  temperature  data,  locaL  Richardson  numbers,  Ri,  were  computed  for 
the  group  averages.  A  total  of  fifteen  30-run  averages  were  selected  frxn 
the  580  profiles  available,  by  excluding  approximately  60  which  appeared 
to  have  a  low-level  wind  profile  maximum  and  others  where  it  appeared  that 
spurious  voltages  had  been  generated  in  the  thermocouple  wires  by  high 
winds. 

The  group  values  of  Ri'  ranged  from  -26  to  +728.  As  might  be  expected 
in  view  of  higher  sun  angles,  the  number  of  groups  with  negative  Ri' 

(lapse  conditions)  was  large  at  Little  America  V,  relative  to  the  number 
at  the  South  Pole,  in  spite  of  the  fact  that  the  micrometeorological  pro¬ 
gram  at  the  South  Pole  covered  10  months  (from  February  to  November, 

1958),  while  that  at  Little  America  V  covered  only  7  months  (from  April 
to  October,  1957).  Stable  conditions  (Ri'  positive)  were  in  the  majority, 
however,  and  cases  of  maximum  stability  were  more  extreme  at  Little 
America  V  than  at  the  Pole.  The  intense  inversions  at  the  lower  levels, 
which  contributed  heavily  to  these  high  bulk- Richards on  numbers,  however, 
were  probafy  due  to  physical  conditions  rare  or  not  present  at  the  Pole, 
namely  k»  10 list ir  winds  and  warm  air  advection  from  open  water.  As  at  the 
Pole,  cases  of  negative  Ri',  indicating  lapse  rate  conditions,  occurred 
most  frequently  during  the  polar  day,  but  were  occasionally  observed  dur¬ 
ing  the  period  without  sun. 
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3*2  Relationship  of  wind  profile  types  to  external  parameters 


3.2.1  Irregularity  of  wind  profiles.  The  variation  of  the 
wind  gradient  with  height  in  the  lowest  8  ra  was  dictinctly  less  systematic 
or  regular  at  Little  America  V  than  at  the  South  Pole  f  2l .  Consequently, 
efforts  were  made  to  relate  the  type  of  height  distribution  of  the  wind 
gradient  to  some  external  parameter.  Since  the  nature  and  topography  of 
the  snow  surface  showed  distinct  changes  on  the  Ross  Ice  Shelf,  it  seemed 
that  wind  blowing  over  different  types  of  terrain  might  result  in  varia¬ 
tion  of  wind  profile  type  with  wind  direction  and  fetch.  Using  a  map  of 
the  vicinity  of  Little  America  V,  a  division  into  5  sectors  (see  Fig.  7} 
was  suggested  by  local  particularities.  Concerning  descriptive  classifi¬ 
cation  of  profile  structure,  the  following  method  was  adopted. 

3*2.2  Classification  of  wind  profiles  into  4  types.  Wind  pro¬ 
files  of  the  1+50  grouped  cases  have  been  classified  into  4  types:  "ex¬ 
pected,"  "inverted,"  "expected  irregular,"  "inverted  irregular." 

In  fully  developed  flow,  not  only  the  wind  speed  but  the  wind 
speed  difference,  AV,  between  any  pairs  of  geometrically  spaced 
levels  should  increase  with  height  when  conditions  are  stable  (Ri' 
positive);  when  conditions  are  unstable  (Ri*  negative),  the  increase 
of  wind  speed  with  height  should  occur  with  height-decreasing  aV. 
Such  distributions  of  the  3  overlapping  values  of  AV,  available 
from  the  wind  speed  measurements  at  5  levels,  are  classified  r 5 
"expected." 

If  the  stable  case  shows  a  decrease  of  AV  with  height,  or  the 
unstable  an  increase  of  AV  with  height,  the  wind  profile  is  classi¬ 
fied  as  "inverted." 

If  the  type  of  profile  is  "expected,"  based  on  a  higher  aV  at 
4  m  than  at  1  m,  but  the  magnitude  of  AV  at  2  m  is  not  intermediate 
between  the  two,  the  profile  is  classified  as  "expected  irregular." 

Similarly,  if  the  type  of  profile  is  "inverted,"  based  on  a 
lower  Av  at  4  m  than  at  1  m,  but  the  magnitude  of  aV  at  2  m  is  not 
intermediate  between  the  two,  the  profile  is  classified  as  "inverted 
irregular. " 

3*2.3  Wind  profile  types  in  relation  to  wind  direction.  At  the 
South  Pole,  more  than  75^  oi1  the  selected  profiles  were  of  the  “expected" 
type,  while,  at  Little  America  V,  it  was  possible  to  obtain  only  7  such 
2>run  groups  (i.e.,  210  profiles  out  of  450,  or  less  than  505&).  Winds 
from  each  of  the  five  sectors  shown  in  Figure  7  were  tallied  according  to 
the  4  profile  types,  and  the  results  are  sunmarized  in  Table  3. 2. 3.1. 

ROTE:  Details  of  methods  of  analysis  are  idented  in  this  report. 
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Figure  7.  Five  sectors  of  wind  direction  vised  in  vlnd  profile  distri¬ 
bution  study  at  Little  America  V,  1957. 
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Table  3-?. 3-1  RELATIVE  DISTRIBUTION  (percent  jf  tire)  OP  FIVE  SECTORS 
OF  WIND  DIRECTION,  AND  FREQUENCY  ($)  OF  WIND  PROFILE 
TYPES  FOR  EACH  WIND  DIRECTION  SECTOR 


Wind  Direction  Sector 
Limits  Frequency  (%) 


Frequency  (%  of  time)  of 
for  each  wind  dir 
fexpectea 

Expected.  Irregular 


.naieated  profile  type 
eetlon  sector 

Inverted 

Inverted  Irregular 


SE-SSE 

k6.l 

1* 

s-vsw 

52.7 

67 

W-NNW 

3-3 

UC 

N-NE 

7. a 

36 

ENE-ESE 

3.7 

59 

"Calm"* 

■*'  -» 

—  •  X 

60 

27 

l  £ 

15 

11 

■>  - 

11 

7 

7 

TO 

/ 

0 

17 

12 

0 

23 

eL  sj 

2. 

r- 

*Winds  too  weak  to  activate  the  Aerovane 


An  additional  type  of  wind  profile  structure  was  defined  as 
"katabatic"  and  included  cases  which  showed  either  a  wind  speed  raxi- 
:cum  below  the  8  m  level  cr  a  pronounced  lowering  of  the  rate  of  wind 
increase  with  height  under  stable  conditions.  Such  cases  had  been 
excluded  Iron  the  grouping  of  profiles  into  30- run  groups  and  are 
not  shown  in  Table  3-2.3*l>  profiles  of  this  type  were  available. 
In  9  cases,  winds  were  tuo  weak  to  activate  the  Aerovane  while  35 
cases  showed  light  winds  betveen  SSE  and  ENE.  Six  cases  snowed 
shi-onger  winds  free.  NNW  and  apparently  were  profiles  that  were  not 
fully  developed. 


IE- SSE.  The  results  shown  in  Table  3 - 2 . 3 - u-  are  not  easy  to  interpret. 
A  possible  explanation  of  the  high  frequency  of  the  SE-SSE  sector  of  wind 
direction  ic-  that  the  air  tends  to  flow  through  the  slightly  lower  region 
in  the  azimuth  between  Byrd  Station  and  the  South  Pole.  Wind  direction 
statistics  for  both  stations  (Etyrd  and  the  Pole)  indicate  a  tendency  of 
air  to  drain  into  this  lower  area.  Also,  on  the  Ross  Ice  Shelf,  sore  south 
winds  nay  be  diverted  by  Roosevelt  Island,  which  lies  due  south  of  Little 
America  V,  but  at  a  distance  of  more  than  20  km,  with  the  highest  eleva¬ 
tion,  6bO  n,  at  about  IOC  xc  from  the  station. 

S-W5W.  The  sector  from  S  to  WSW  includes  the  region  where  the  Ross 
Ice  Shelf  stretches  out  for  an  average  distance  of  approximately  50*2 
miles  with  an  average  slope  of  1  in  10,0OC  near  Litule  America  V.  The 
most  significant  interruption  to  this  slope  is  Roo-eveit  Island.  Some 
details  of  the  topography  near  the  station  are  shown  by  Craiy  C7,  Fig.  1 
and  2,  pp.  5  and  Beyond  the  relatively  abrupt  rise  from  the  ice 

shelf  to  the  Plateau  (Fig.  7),  tnere  is  a  gradual  slope  upward  of  about 
1  in  50C  to  the  highest  land  of  the  Plateau  (elevation  more  than  4 DOC  m). 
Winds  which  approach  the  Little  America  V  station  across  the  gently 
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sloping,  quite  uniform  Ross  Ice  Shelf  show  the  "expected”  profile  t'qpe 
with  relatively  highest  frequency,  namely  67$  of  the  time  (see  Tables 
3. 2,3*1  and  3*2. 3*2),  in  spite  of  the  fact  that  the  carro  was  located  in 
this  wind  sector  in  relation  to  the  micrometeorological  wind  mast. 


Table  3. 2. 3. 2  COMPARISON  OF  RELATIVE  FREQUENCY  (per  cent)  OF  WIND  PROFILE 
TYPES  AT  SOUTH  POLE  (all  directions)  AND  LITTLE  AMERICA  V 

(s-vsw) 


Expected 


Expects 

Irregular 


Inverted 


Inverted 

Irregular 


South  Pole,  all  direction®  7 6 

Little  America  V,  S-WSW  6j 


16  h 

11  11 


h 

11 


This  table  shows  that,  at  Little  America  V,  t're  relative  distribution  of 
the  profile  tjues  with  winds  froE  the  S-WSW  sector  is  closest  to  that 
found  at  the  South  Ye,  where  the  slope  is  gentle  and  quite  uniform. 

There  is  indication  irooi  records  for  other  years  (see  Vowinckel  [11])  that 
winds  free  this  sector  are  normally  more  prevalent  than  they  were  in  1957. 


W-HNW  In  the  sector  from  W  to  NHW,  wind  flows  upslope,  and  the  fetch 
is  across  rough  terrain  close  to  the  station,  including  a  26  n  deep  de¬ 
pression  called  Crevasse  Valley,  and  over  a  surface  sometimes  composed  of 
ice  and  sometimes  of  water.  These  fetch  conditions  may  explain  the  result, 
shown  in  Table  3 *2. 3-1  that  "expected  Irregular"  profiles  are  most  fre¬ 
quent. 


N-NE  In  the  N-NE  secto. ,  the  surface  is  also  rough  and  winds  come 
from  the  sea.  The  location  of  Little  America  V  reletive  to  normal  storm 
tracks  is  such  that  most  of  the  migrating  disturbances  are  accompanied  by 
strong  N-NE  winds  at  the  station.  Table  3*2. 3.1  shows  for  this  sector 
the  lowest  frequency  of  ’’expected"  profiles.  Within  this  sector,  NNE  was 
the  most  frequent  direction  (see  Fig.  6)  and  was  also  th^  azimuth  of  the 
strongest  winds. 

SE-SSE  It  is  more  difficult  to  account  for  the  large  number  of 
"inverted”"* and  "irregular"  profiles  from  the  direction  of  maximum  frequency, 
SE-SSE.  t  ^arently,  the  type  of  wind  profile  does  not  relate  to  wind  direc¬ 
tion  alone. 

EKE-ESE  Figure  6  shows  that  winds  from  ENE-ESE  are  rather  infrequent 
(l6. 7$  of  all  days),  in  comparison  with  winds  from  SE-SSE  (38.5 $  of  all 
days)  but  the  katabatic  type  occurs  with  both  fetches.  The  more  southerly 
the  wind  in  these  2  sectors,  the  longer  the  fetch  across  the  ice  shelf. 
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3.2. 1*  Wind  profile  types  In  relation  to  cloudiness.  Cloudi¬ 
ness  was  considered  as  a  possible  factor 'which  could  be  related  to  the 
type  of  wind  profile.  The  mean  opaque  clouuir.iss  averages  0.4-3  for  hours 
of  all  profiles,  ~,33  for  hours  with  "expected’  profiles  and  C.53  for 
hours  with  "inverted"  and  "irregular”  profiles.  This  rjx-r  indicate  that 
the  latter  types  occur  with  greater  than  average  cloudiness.  However,  a 
frequency  count  shows  that  with  0.6  to  1.0  cloudiness,  55 $  of  the  pro¬ 
files  are  of  the  "expected"  type,  and  with  C.C  to  0.5  cioudiness ,  42^  are 
of  the  "expected"  type.  Thus,  the  relationship  is  not  statistically  sig- 
nificant. 


3.2.5  Wind  profile  types  in  relation  to  opt! cue  cloudiness  and 
wind  direction.  An  attempt  to  relate  opaque  cloudiness,  wind  direction, 
and  type  of  wind  profile  indicates  the  following: 

(1)  With  fetches  free  the  S-WSW  sector  and  clear  skies,  pro¬ 
files  of  the  "expected"  type  predestinate; 

(2)  with  fetches  from  the  SE-S3E  sector,  profiles  of  the  "ex¬ 
pected"  type  are  r.ost  frequently  accompanied  by  clear  s/.ies; 

(3)  with  overcast  skies,  any'  wind  profile  hype  r.iij  occur  with 
nearly  equal  frequency; 

(4)  winds  from  the  azimuths  most  likely  to  show  katabatic  in¬ 
fluence  are  usually  accompanied  by  overcast  s^ies  while  profiles  of  the 
"inverted"  type  have  -various  sky  conditions,  but  not  clear  skies. 

I ten  (4)  is  the  most  surprising,  since  overcast  skies  are  normally 
not  expected  vi  wii  katabatic  winds. 

3.2.6  Wind  profile  types  in  relation  to  wind  speed.  A  tabula¬ 
tion  of  type  of  wind  profile  as  a  function  of  wind  speed  at  the  3  r.  level 
(see  Table  3*2. 6. l),  illustrates  that  when  Vg  exceeds  a  value  of  about 

6  m/sec  the  profiles  of  the  "expected"  type  are  definitely  a  rarity. 


Table  3. 2. 6.1  LITTLE  AMERICA  V.  NUMBER  OF  HOURS  WITH  INDICATED  TYPE  OF 

WIND  PROFILE,  IN  RELATION  TC  WIND  STEED  (m/ssc  )  AT  8  M  LEVEL 


Number  of 


Type  of  Profile 

1-3 

4-6 

hi 

21 

"Expected" 

^3 

118 

1, 

6 

All  other  types 

16 

78 

72 

^5 

Although  ve  are  obviously  considering  two  closely  related  measurements , 
wind  speed  at  8  m,  and  the  wind  gradient  below  tlv  t  level,  it  is  some¬ 
what  surprising  that  the  degree  of  regularity  decreases  with  increasing 
wind  speed.  The  observed  relationship  cay  provide  some  Insight  regard ine 
the  physical  mechanism  involved,  inasmuch  as  it  can  be  interpreted  to 
indicate  the  role  of  advection  processes  due  to  horizontal  non-uniforci ;v 
of  surface  conditions. 

3. 2.7  Conclusion.  Neither  the  fetch  of  the  wind  nor  the  sky 
conditions  afford  a  satisfactory  correlation  with  type  of  wind  profile  at 
Little  America  V.  Nor  do  advection,  katabatic  effects,  nor  a  combination 
of  the  ovo  provide  an  explanation  of  the  observed  wind  profiles.  Some  of 
the  rej.at ions  hips  studied  in  the  following  sections  have  been  tested  using 
only  the  ''expected"  type  of  wind  profile  as  well  as  all  profiles. 

3 •  3  Seasonal  variction  of  stability  ar.d  variation  of  external 
parameters  with  stability 

3.3.1  Comparison  of  average  bulk  stability  at  Little  America  V 
and  the  South  Pole.  If  one  wants  to  compute  monthly  means  of  bulk- 
Richardson  number,  Ri',  from  hours  when  profiles  were  recorded  et  Little 
America  V,  the  occasional  extremely  large  Ri'  raises  the  average  so  mar/edl 
that  it  may  become  unrepresentative.  In  i..e  atteipt  to  obtain  a  comparison 
■With  South  Pole  conditions  (see  Table  3-3.1  in  the  "South  Pole  Data 
Analysis"  [2])  all  profiles  resulting  in  Ri'  larger  than  10CC  units  were 
emitted  in  the  computation  of  monthly  means.  At  Little  America  V,  Ri’ 
nevertheless  averages  consistently  higher  than  at  the  South  Pole. 

In  a  chart  of  monthly-mean  Ri'  for  the  South  Pole  Station,  aero- 
logical  data  on  the  total  height  of  the  surface  inversion  and  the 
total  temperature  difference  had  been  included.  However,  due  to  a 
more  complex  stiucture  of  the  lapse  rate  over  the  Ross  Ice  Shelf,  it, 
is  not  possible  to  obtain  a  total  thickness  of  the  inversion  layer 
for  that  area  with  sufficient  reliability  and  accuracy  free  the 
serological  soundings  available.  The  main  reason  is  that  frequenuiy 
severel  inversions  occur  in  the  lowest  1000  m. 

3.3.2  Monthly  frequency  of  stability  from  QM  data.  It  appeared 
that  a  frequency  count  of  stability  occurrence  by  months,  as  measured  by 
Ri'  for  the  profile  periods,  might  be  more  significant  then  the  average 
monthly  Ri';  results  for  5  months  are  sunsaarized  in  Table  3*3. 2.1. 

3.3.3  Monthly  frequency  of  stability  free  USVfB  date.  In  view 
of  the  fact  that  hours  of  micraceteorological  profile  data  are  rather 
unevenly  distributed  over  the  months  (see  Table  3. 3. 2.1),  the  regular 
hourly  observations  by  TJSHB  personnel  at  Little  America  V  for  April  through 
October  1957  were  used  to  round  off  the  QM  climatic  statistics  of  stability 
A  dimensional  stability  coefficient,  S,  was  computed  for  every  hour  of  the 
month,  which  has  the  same  definition  as  that  used  for  the  South  Pole 
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Station,  namely 


s  -  <T10-  t2.5)/(V2  (8) 

For  convenience  the  USWU  data  were  used  in  units  in  which  they  were 
recorded:  Temperature,  T,  is  in  °F,  and  wind  speed,  U,  in  knots;  instru¬ 
ment  levels  as  indicated  by  the  subscripts  are  height  in  meters.  Thus, 

S,  is  expressed  in  *F/kt2. 


Table  3. 3.2.1  LITTLE  AMERICA  V,  MAY  -  SEPTEMBER,  1957*  NUMBER  OF  CASES 
'  WITH  INDICATED  BULK  STABILITY,  Ri'  (lCr3/m) 

Number  of  cases 


June 

Mi 

Aug 

Sep 

May  -  Sep 

Ri'  <0 

7 

0 

16 

35 

33 

90 

0  <  Ri ’ <  19 

26 

9 

44 

47 

24 

153 

Ri'  >19 

-32 

-i2 

-22 

-22 

-21 

206 

Total 

66 

22 

130 

117 

114 

449 

An  empirical  relationship  between  Ri'  and  S  had  been  derived  for 
grouped  hours  of  simultaneous  measurements  by  QM  and  USWB  at  the  South 
Pole,  and  ia  illustrated  by  the  solid  line  in  Figure  8.  Grouped  data  for 
Little  America  V  are  plotted  on  the  same  graph.  While  the  scatter  is 
considerable  at  Little  America  V,  due  to  the  climatic  complexities,  the 
general  relationship  is  similar  to  that  at  the  South  Foie.  The  frequency 
distribution  of  class  intervals  of  S  is  shown  in  Table  3*3*3*1  by  months. 

3.3.4  Seasonal  changes  toward  less  stable  conditions.  At 
Little  America,  as  at  the  South  Pole,  the  stability  coefficient,  S,  was 
most  frequently  in  the  interval  freni  0  to  O.d  (•F/kt2).  A  shift  towai  1 
less  stable  intervals  is  evident  in  warmer  months,  particularly  in  those 
cold  months  which  were,  in  1957 f  warmer  than  normal,  such  as  June  (see 
Fig.  l).  The  shift  with  season  toward  less  stable  intervals  does  not 
appear  in  September,  i.e.,  following  lnsnediately  the  return  of  the  sun, 
but  is  delayed  until  October,  as  is  the  seasonal  rise  In  temperature. 

3.3.5  Variation  of  wind  speed,  temperature  and  sky  cover  with 
stability.  Figure  9  illustrates  the  variation  with  bulk  stability,  Ri', 
of  wind  speed,  temperature  and  sky  cover  at  Little  America  V.  These 
elements  are  taken,  for  the  hours  of  detailed  profile  data,  from  the  2  m 
wind  speed,  the  mean  temperature  of  the  8  m  mast-layer  and  from  the  USWB 
visual  observations  of  sky  conditions. 
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LITTLE  AMERICA  V 
SOUTH  POLE  STATION 


Figure  8.  Stability  coefficient,  8  (fro*  USWB  data)  versus  bulk  Richardson 
nuaber,  Ri'  (fro*  QH  data)  for  little  America  V,  1957,  compared 
with  relationship  established  between  S  and  Ri'  at  the  South 
Pole,  1958. 


Table  3. 3. 3.1  FREQUENCY  DISTRIBUTION  OF  HOURLY  VALUES  OF  THE  DIMENSIONAL 
STABILITY  COEFFICIENT,  S  (computed  from  USWB  data),  BY 
MONTHS  AT  LITTLE  AMERICA  V,  1957 


Number  of  hours 


s 

T*F/kvr) 

Apr 

May 

J vn 

Jul 

Sep 

Oct 

Apr  -  Oct 

-  •  to  - 

.01 

1 

7 

7 

6 

6 

17 

15 

59 

-.01  " 

0 

35 

13^ 

158 

82 

104 

96 

188 

797 

0  " 

.01 

82 

380 

399 

1*14 

446 

369 

393 

2483 

.01  " 

.02 

25 

1*3 

38 

58 

46 

66 

29 

305 

.02  " 

•03 

6 

22 

16 

21 

20 

4l 

18 

144 

.03  " 

.01* 

12 

16 

6 

25 

11 

13 

15 

98 

.01*  " 

.05 

5 

7 

9 

10 

8 

17 

12 

68 

.05  " 

.06 

8 

12 

7 

10 

10 

11 

6 

64 

.06  " 

.0? 

l* 

9 

5 

4 

3 

6 

6 

37 

.07  " 

.08 

1 

1 

5 

6 

3 

3 

6 

25 

.08  " 

.09 

3 

3 

U 

7 

4 

5 

5 

31 

.09  " 

.10 

0 

5 

1 

6 

3 

2 

3 

20 

.10  " 

.11 

1 

5 

1* 

5 

4 

1 

3 

23 

.11  " 

.12 

1 

6 

2 

2 

5 

0 

0 

16 

.12  " 

- 

JJ. 

21 

64 

-22 

42 

21 

_2 H 

Total 

201 

693 

682 

720 

712 

689 

720 

4417 

The  wind  and  temperature  dependencies  on  bulk  stability  (Ri' )  are 
similar  to  those  for  the  South  Pole,  with  highest  speed  and  highest 
temperature  for  groups  near  neutral  stability.  However,  sky  cover  with 
the  unstable  cases  at  Little  America  V  averages  7/ 10.  At  the  South  Pole 
the  rare  unstable  cases  are  consistently  accompanied  by  overcast  skies. 
This  result  is  highly  interesting.  It  can  mean  that  at  the  South  Pole 
the  cause  of  occasionally  occurring  lapse  conditions  is  long-wave  radia¬ 
tion  from  the  lower  surface  of  a  "warm"  stratus  cloud  (i.e.,  warmer  than 
the  snow-surface),  while  at  Little  America  V  short-wave  radiation  from 
sun  and  sky  can  be  at  least  a  contributing  factor.  In  view  of  the  high 
albedo  of  the  antarctic  snow  cover,  this  result  appears  to  be  understand¬ 
able,  and  consistent  with  conditions  of  external  nature. 

Wind  speed  averages  are  lower  for  profiles  of  the  "expected"  type 
than  for  all  hours  of  profile  data  (Fig.  9).  This  is  consistent  with  the 
evidence  discussed  in  Section  3*2  that  wind  speed  averages  tend  to  be 
higher  for  the  "irregular"  types.  Figure  9  also  shows  lower  temperatures 
at  extreme  stability  for  the  "expected"  than  for  all  esses.  There  is 
little  charge  in  wind  speed,  temperature  or  cloudiness  at  bulk  stabilities 
beyond  70. 
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Figure  9.  Little  America  V,  1957 .  Variation  with  bulk 

stability,  Ri1,  of:  (a)  Wind  speed  at  2  m;  (b) 
Temperature  of  the  8  m  surface  layer;  (c)  Sky 
cover.  Abscissa  values  Increase  In  proportion 
to  the  square  of  distance  fran  zero.  -- 


TEMPERATURE  (— °C) 


The  extremely  stable  cooes  clocced  as  "katabatic"  are  not  in¬ 
cluded  in  Figure  9,  since  they  were  omitted  in  the  grouping  of  pro¬ 
files.  However,  those  "irregular"  and  "inverted"  cases  that  are 
Included  are  responsible  for  higher  temperatures  when  all  coses  ore 
used  thnn  when  only  "expected"  profiles  are  used. 

It  is  likely  thnt  some  of  the  profiles  of  the  "inverted"  type 
are  in  reality  of  the  "katabatic"  type  with  a  wind  maximum  at  fairly 
low  levels  but  not  below  the  8-meter  level.  The  issue  is  somewhat 
confused  by  the  fact  thnt,  near  neutral  stability,  precise  wind  pro¬ 
file  type  classification  in  impeded  by  the  limits  of  accuracy  of  the 
temperature  measurements  used  in  determining  Ri'.  For  example,  n 
slight  error  in  a  temperature  observation  may  result  in  a  negative 
Ri'  when  actually  conditions  were  such  that  Ri'  should  be  positive; 
an  observed  increase  of  wind  speed  gradient  (  aV)  with  height  at 
negative  Ri'  was  taken  as  an  indicator  that  this  profile  must  be 
classified  on  the  "inverted"  type.  While,  for  consistency,  the 
separation  had  to  be  based  on  a  computed  value  of  Ri'  -  0,  there  are 
many  cases  near  Ri'  =  0  that  could  fall  to  the  positive  or  negative 
side  of  Ri'  with  a  relatively  small  change  in  only  one  level  of  tem¬ 
perature  observations.  Since  the  over-all  temperature  gradient  is 
small  with  winds  from  the  SE-SSE  sector  (Fig.  6),  the  resulting  near¬ 
neutral  stability  may  account  for  many  of  the  "inverted"  and  "irregu¬ 
lar"  cases  of  profile  structure  that  occur  with  winds  from  this 
sector  (sec  Table  3. 2. 3*1). 

3.^  Vertical  profile  of  Richardson  number 

The  dependency  of  Richardson  number,  Ri,  on  the  height  for  fifteen 
30- run  groups,  in  shown  in  Figure  10.  This  plot  embraces  all  h  descriptive 
types  of  wind  profiles,  and  includes  the  correction  to  the  U  m  temperatures 
discussed  in  Section  2.L.2.  A  systematic  change  of  Ri  with  height  in  the 
lowest  U  m  Is  evident,  and  for  all  groups,  Ri  can  be  assumed  to  go  to  zero 
if  one  approaches  the  surface.  The  over-all  height  gradient  of  Ri  corres¬ 
ponds  rather  closely  to  the  group  values  of  Ri*.  However,  a  comparison 
of  Figure  10  with’  the  corresponding  graph  for  the  South  Pole  datn  [2, 

Fig.  53  suggests  that  the  Little  America  V  results  show  more  of  a  systemat¬ 
ic  curvature  in  the  vertical  profiles  of  Ri  for  all  stabilities. 

In  Sections  2.2  and  3*2  it  was  mentioned,  that  at  Little  America  V  the 
vertical  gradients  of  individual  microroeteorological  elements,  including 
both  temperature  and  wind  speed,  are  of  o  more  complicated  structure  than 
at  the  South  Pole.  Since  the  Ri-number  computation  involves  a  combination 
of  temperature  and  wind  gradients  it  is,  in  fact,  surprising  to  note  the 
degree  of  regularity  evidenced  in  Figure  10.  More  organization  in  the 
Ri-profile,  than  in  the  individual  profiles  of  its  constituents,  could 
indicate  an  interesting  tendency  for  canpensation,  and  illustrate  the 
physical  significance  of  the  Ri-number.  Since  the  height-gradient  of  Ri 


Figure  10.  Little  America  V  -  Richardson  number,  Ri,  versus  height,  z  +  D,  for  indicated  bulk 
Richardson  number,  Ri'* 


con  be  expressed  by  the  Deo con  numbers  of  the  wind  and  temperature  pro¬ 
files,  more  detail  will  be  presented  after  discussion  of  these  numbers 
(eee  Section  3*7)* 
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parameter 


Computation  of  wind  profile  curvature  nnd  zero  displacement 


The  Deacon  number  of  the  wind  profile,  6  ,  is  a  numerical  measure 
of  profile  curvature.  For  its  definition,  reference  is  mode  to  H.  Lettau 
[1m,  Section  7-5»  p.  3^0J.  was  computed  for  the  30-run  groups 
of  I.ittlc  America  V  profiles  using  overlapping  differences  in  the  follow¬ 
ing  equation 

sv  *  (  Alog  Az  -  Alog  sV)/  Alog(z  +  D)  (3) 

where  D  -  zero  displacement  parameter  =  zQ  +  d 
with  z  =  roughness  length 
d  =  zero  displacement 
A  z  =  height  difference 

4V  =  wind  speed  difference  corresponding  to  ^z. 


The  zero  displacement,  d,  corrects  for  Irregularities  of  the  terrain  in 
the  direction  from  which  the  wind  is  blowing,  and  also  movements  of  snow 
at  the  site  stirrounding  the  raicrometeorologicnl  mast  installation,  which 
produced  uncertainty  concerning  the  actual  elevation  of  the  anemometer 
array  above  the  average  or  aerodynamically  effective  ground  surface.  At 
the  site,  the  arms  of  the  anemometer  most  were  adjusted  periodically 
when  snow  accumulation  raised  the  height  of  the  underlying  surface. 

In  an  adiabatic  surface  layer  the  Deacon  number  Bv  equals  unity, 
and  the  zero  displacement,  d,  can  be  determined  with  the  aid  of  a  least- 
square  fit  to  the  logarithmic  wind  law;  reference  is  made  to  Robinson  [15  3 
who  describes  a  program  for  automatic  computation  of  the  set  of  three 
parameters  which  are  D,  z0,  and  the  shearing  velocity  -^/t0/ p  where  Tq 
is  th^  surface  stress.  This  method  cannot  be  applied  for  diabatic  condi¬ 
tions,  since  it  is  known  that  the  logarithmic  law  holds  true  only  in 
adiabatic  surface  layers. 


A  revised  scheme  for  the  computation  of  the  zero  displacement  in 
diabatic  surface  layers  was  developed  in  the  "South  Pole  Date  Analysis" 
[2],  The  same  approach  is  used  here. 

The  Deacon  numbers  for  the  group  analysis  were  computed  using 
adjacent  as  well  as  overlapping  height  intervals,  and  assuming  a 
sequence  of  tentative  D  values  (i.e.,  first  D  =  0,  then  D  =  -5,  -10, 
-15  cm,  then  D  =  5>  10,  15  ciu,  etc.).  For  each  group,  resulting 
Sy-values  (at  nominal  heights  of  100,  lUl,  200,  283,  kOO  cm)  were 
plotted  against  height  in  linear  coordinates. 
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A  basic  model  assumption  is  that  the  Deacon  number  goes  to 
unity  if  z  approaches  zero,  for  eny  diabetic  state.  The  D  value 
which  satisfied  this  model  requirement  and  produced  the  lesat 
change  of  curvature  with  height  in  the  computed  -^-profile  was 
selected.  In  the  process  of  determining  this  D  value  for  indivi¬ 
dual  profiles,  the  systematic  change  of  the  Bv-profile  structure 
with  bulk  stability  was  also  considered. 

As  a  result  of  the  trial-and-errcr  method,  it  was  found  that,  indeed, 
in  the  lowest  1  to  2  r  layer  at  Little  America  V  the  absolute  valu*», 

1 1-  8vj  ,  could  be  made  in  many  cases  to  be  proportional  to  the  distance 
from  the  actual  surface.  This  method  of  D  determination  did  not  work  as 
well,  however,  with  the  complicated  wind  profiles  at  Littxe  America  V  as 
with  the  more  clear-cut  South  Pole  dat-a.  In  general,  it  was  necessary 
to  apply  larger  negative  D  values  (as  large  as  25  cm)  at  Little  America  V 
than  at  the  South  Pole.  This  was  in  line  with  visual  estimates  at  the 
two  sites  and  observations  that  small  to  micro-sea]  e  surface  features 
showed  greater  amplitudes  and  more  diversity  of  structure  8t  Little 
America  V  than  on  the  central  Antarctic  Plateau. 

3.6  Relationship  of  profile  curvature  (Dcecon  numbers  JL“£.  bulK 
stability  (bulk  Richardson  number)  and" "height 

The  dependency  of  Sy-profile  structure  on  bulk  Richardson  number,  Ri', 
is  shown  in  Figure  11.  In  a  neutral  case  (Ri'  =0),  should  equal  unity 
in  the  lowest  atmosphere,  provided  that  the  wind  prof  ie  is  exactly  logar¬ 
ithmic,  and  the  proper  zero  displacement  is  known.  For  a  giver,  bulk  sta¬ 
bility,  the  Deacon  number  departs  from  unity  more  at  Little  America  V  than 
at  the  South  Pole.  The  departure  is  nevertheless  small  (see  Fig.  11) 
and,  as  at  the  South  Pole,  for  surface  cooling  (inversion  conditions)  Pv 
tends  to  be  smaller  than  unity  and  decreases  generally  with  height.  At 
Little  America  V,  an  S-shaped  By-profile  is  -btained  for  ‘'apse  conditions 
(surface  heating),  probably  due  to  relatively  strong  wind  speed  increase 
close  to  the  surface. 

As  stability  increases,,  fty  decreases  with  height  more  and  more 
rapidly  as  long  as  Ri'  is  not  extremely  large.  As  at  the  South  Pole,  when 
Ri’  becomes  greater  than  approximately  C.05/m,  the  decrease  of  ?v  is  strong 
only  in  the  lowest  part  of  the  4  m  layer  under  investigation.  However, 
at  Little  America  V  the  decrease  is  generally  weaker  and  does  not  exceed 
a  minimum  value  of  6y=  0.675  '  t  about  1.5  m,  while  at  the  South  Pole,  the 
corresponding  minimum  W8S  0.25.  Above  about  1.5  m  the  8v-profiles  at 
Little  America  V  show  much  more  irregularity  than  at  the  South  Pole.  A 
systematic  increase  is  lacking;  t ae  curves  tend  to  show  only  a  lesser  de¬ 
crease  with  height  than  at  lower  stability.  The  most  steble  30-run  group 
did  not  show  any  great  decrease  in  By  with  height,  even  in  the  lowest 
layers  used,  or  when  broken  down  into  3  separate  10- run  groups.  It  is 
possible  that  a  pronounced  minimum  in  By  occurred  at  a  lower  level  than 
is  measured  here;  the  lowest  reliable  Bv-value  could  be  computed  only  at 
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about  1.5  m.  A  somewhat  uncertain  estimate  for  the  i  m  level  supports 
this  conjecture.  This  may  indicate  an  extremely  .hallow  surface  layer. 

The  change  of  potential  teas>erature  gradient  with  height  at  Little 

America  V  was  so  irregular  that  it  was  not  possible  t establish  any  sig¬ 
nificant  relation  between  the  curvature  of  the  temper:  ture  profile,  , 

.end  bulk  stability,  Rl*,  i.e.,  between  Deacon  number,  of  the  tempera¬ 
ture  profile  and  bul/.  Richardson  number,  Ri’. 

3*7  Interdependence  between  Deacon  numbers  and  Richardson  numbers 

3«7*1  Non-linear  change  of  Richardson  number  with  height.  It 
vos  mentioned  in  Section  3*^  that  the  vertical  profiles  of  the  Richardson 
number  {see  Fig.  1C)  gi-e  relatively  good  evidence  of  systematic  changes 
with  bulk- stability  of  the  group  means.  In  fact,  the  structure  of  the 
curves  in  Figure  10  suggests  that  Ri  could  be  proportional  to  zB,  with  a 
value  of  the  exponent  n  which  seems  to  be  larger  thar,  unity,  but  not  larger 
than  2.  This  regular  pattern  in  Ri  versus  height  appears  interesting,  in 
view  of  the  rather  erratic  behavior  of  the  individual  relationships  (such 
as  Pv  versus  height,  or  ?v  versus  Ri,  or  Sg  versus  Ri,  etc.). 

If  Ri  ^  zB,  it  follows  directly  from  the  defining  equation  (l), 

upon  logarithmic  differentiation  of  Ri  with  respect  to  height,  that 
fn  exact  equation  is 

3  log  Ri/ 3  log(z-rD)  -  23  v  -  8e  =  m  (L) 

For  a  constant  value  of  m  it  must  be  concluded  from  equation  (L)  thet 
only  for  the  special  case  of  e  =  1  is  it  mathematically  possible  that 
6e  approaches  unity  if  By  goes  to  unity. 

While  the  micrcmeteorological  conditions  at  the  South  Pole  corresponded 
rather  closely  to  the  case  of  m  =  1  (as  evidenced  by  the  near-to-linear 
structure  of  the  Ri  versus  z  curves  of  Fig.  5  in  f2  3),  conditions  at 
Little  America  V  are  definitely  of  a  different  nature,  in  that  m>l,  or, 
specifically,  m  appears  to  be  close  to  2. 

3.7-2  Theoretical  relationship  between  wind  profile  Deacon  num¬ 
ber  and  Richardson  number.  The  relationship  between  wind  profile  Deacon 
number,  By,  and  Richardson  number  is  illustrated.  for  Little  America  V  in 
Figure  12.  In  comparison  with  corresponding  results  reported  in  [2]  for 
the  South  Pole,  there  is  definitely  more  scattering  of  points  at  Little 
America  V. 

It  was  found  in  the  analysis  of  the  South  Pole  data  [  2]  that  the  de¬ 
pendency  of  Sv  on  Ri  was  reasonably  well  approximated  (at  least  for  small 
Ri)  by  a  theoretical  relationship  suggested  by  various  authorities,  in¬ 
cluding  Panofsky  et  al  C l63 ;  this  relationship  has  been  derived  strictly 
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for  surface-layer  conditions,  and  is 

6V  (1  -  18  Ri )/( 1  -  13-5  Ri)  (5) 

Certain  systematic  deviations  frcsn  the  theoretical  curve,  et 
Ri  1  C.Ol,  approximately,  can  readily  be  explained  by  the  fact  that 
for  strong  stability  some  of  the  upper  anemometer  levels  used  for 
the  dy-eorrputation  must  have  been  actually  outside  the  surface 
layer.  That  is,  increasing  Ri',  for  a  given  or  constant  horizontal 
pressure  gradient,  is  Invariably  accompanied  by  a  decrease  of  both 
surface  stress  (tq)  and  low-level  wind  speed  V(z);  thus,  the  geo- 
s trophic  departure  of  the  surface  wind  must  increase  and,  as  a 
direct  consequence  of  the  equation  of  motion,  the  absolute  value  of 
3t  /  3z  increases.  The  end  result  is  that  -  t0/(3t/3z),  which  de¬ 
termines  the  thickness  of  the  surface  layer,  must  decrease  consider¬ 
ably  with  increasing  stability.  For  conditions  of  strong  stability, 
the  surface  layer  may  thus  be  reduced  to  less  than  2,  or  even  1 
meter.  For  a  detailed  discussion  of  this,  and  the  corresponding  be¬ 
havior  of  above  the  surface  layer  of  a  barotropic  and  adiabatic 
boundary  layer,  reference  is  made  to  Lettau  [17], 

The  theoretical  relationship  (Eq.  5)  is  indicated  for  Ri  >0,  in  the 
plot  of  -v  versus  Ri,  Figure  12,  as  a  dashed  curve.  Obviously,  the  lack 
of  agreement  (with  actual  ?-v)  evidences  the  limitations  of  existing 
theories  of  diabetic  profile  structure. 

3.7.3  Etapirical  relationship  between  wind  profile  Deacon  num¬ 
ber  and  Richardson  number.  Entered  also  on  figure  12  is  a  strictly  ero- 
pirical  relationship,  derived  by  "curve- fitting,"  of  the  form 

Sv  =  C1  +  14  «i)/(l  ♦  **  Ri),  (6) 

which  produces  some  decree  of  approximation  to  the  lower  limit  of  the 
widely  scattered  observational  B^-points,  for  Ri  >0.  In  view  of  equa¬ 
tion  (1)  and  the  m- value  of  approximately  2,  it  would  follow  from  either 
equation  (5)  or  (5)  thf.t  ?*,  must  be  negative  for  even  the  smallest  devi¬ 
ation  of  8V  from  unity,  for  6V  <1.  This  seems  to  be  related  to  the 
anomaly  of  the  low-level  temperature  profile,  as  represented  by  the  fre¬ 
quently  observed  "elevated  minimum"  discussed  in  Section  2.2.3.  Advec- 
tion,  lack  of  fully  developed  temperature  profiles,  or  the  tendency  to 
katabatic  motion,  can  be  responsible,  to  some  degree,  for  the  exceptional 
structure  in  curvature  conditions  at  Little  America  V. 

3.7.I  Relationship  between  temperature  profile  curvature  end 
wind  profile  curvature.  It  must  be  concluded  that  temperature  profile 
curvature,  ,  at  Little  America  V  is  distinctly  different  from  wind 
profile  curvature,  Sy.  This  is  important  for  heat  flux  computations 
using  similarity  principles.  The  inequality,  8V  £  Bfl  will  mean  not  only 
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Theoretical  relationship: 
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Figure  12.  Wind  profile  curvature,  8  v,  versu a  Richardson  number 


that  the  coefficients  of  momentum  and  heat  diffusivity  (K»,  and  Kjj)  are 
different,  but  that  the  mtio  Km/Kjj  must  be  a  function  ofneight  for 
surface  layer  conditions.  Furtnermore,  existing  theoretical  models  of 
diabatic  surface  layer  structure  have  been  derived  almost  exclusively 
by  using  the  assumption  that  Bv  -  The  above-discussed  wide  discrep¬ 

ancies  between  By  and  must  lead  to  the  conclusion  that  a  common  sur¬ 
face  layer  for  momentum  and  heat  transfer  did  not  exist  at  Little  America 
V  or  was  so  shallow  that  in  nearly  all  cases  the  levels  at  which  micro- 
meteorological  data  are  available  were  above  the  surface  layer. 

3*7*5  Possible  causes  of  unusual  structure  of  the  micro-mete¬ 
orological  layer.  One  may  think  of  several  physical  causes  for  the 
unusual  structure  of  the  micraneteorological  leyer  at  Little  America  V. 

The  first  possible  cause  which  ccces  to  mind  is  the  lac.<  of  fully  devel¬ 
oped  profiles.  This  would  imply  as  the  principal  causative  factor  a 
marked  discontinuity  of  surface  conditions  at  a  line  which  must  be  inter¬ 
sected  by  the  upwind  fetch  so  that  a  process  of  advection  begins  there. 
Only  if  the  site  were  completely  encircled  by  such  a  marked  discontinuity 
of  surface  conditions  (such  as,  for  example,  at  the  center  of  a  round 
flat  island  in  the  ocean)  would  a  pronounced  correlation  of  sdvection 
effects  with  the  azimuth  of  the  air  motion  be  expected.  At  Little  America 
V,  even  though  there  exists  a  strong  discontinuity  in  the  environment  of 
the  station  (namely,  the  boundary  between  ice  and  water)  it  is  a  more  or 
less  straight  line,  and,  in  most  months  of  the  year,  is  quite  far  away. 
Moreover,  the  observed  unusual  features  of  micraneteorological  prof:P~ 
structure  are  not  at  all  convincingly  related  to  air  flow  from  the  i  ater, 
so  that  advection  can  be  ruled  out. 

The  second  possible  cause  could  be  katabatic  profile  structure,  or 
the  combination  of  katabatic  effects  for  letches  fra.;  one  sector,  with 
advection  effects  fran  another.  It  is  physically  absolutely  unlikely, 
however,  that  these  two  entirely  different  causes  could  produce  similar 
effects  on  the  micraneteorological  profixe  structure.  Moreover,  there 
is  a  rather  vide  sector  at  Little  America  V  foe  which  neither  of  the  two 
could  be  held  responsible;  wish  winds  out  of  this  sector  the  profiles 
show  a  tendency  to  the  same  behavior  as  with  fetches  from  the  distant 
water,  or  free  the  also  distant  slopes  towards  higher  grounds. 

The  ruling  out  of  advective  and  katabatic  effects  forces  us  to  think 
of  a  third  causative  factor,  which  must  also  be  related  to  local  geanor- 
phology  but  for  which  there  is  the  requirement  that  it  be  basically  the 
same  for  all  azimuths  from  the  station.  This  appears  to  exclude  practi¬ 
cally  every  feature  other  than  the  ice  shelf  itself.  In  view  of  the 
thermal  properties  of  ice  floating  on  water  it  could  be  suspected  that 
sane  particularities  of  the  surface  heat  budget  may  represent  the  cause 
for  which  we  search.  Normally,  a  strong  intensity  of  sensible  heat  trans¬ 
fer  between  ground  and  air  produces  order  in  the  temperature  profiles. 

The  lack  of  order  could  imply  that  this  heat  transfer  is  unusually  small. 
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This  could  mean  that  net  radiation  is  almost  completely  balanced  by 
sub-surfoce  heat  flux  and  latent  heat  transfer.  Such  a  tentative  hy¬ 
pothesis  can  be  tested  only  by  local  heat  budget  investigations.  The 
question  still  remains  why  the  sensible  heat  transfer  can  be  small  in 
an  air  layer  vhich  is  far  from  being  isothermal.  Moreover,  it  will  be 
shown  in  Section  8  that  the  intensity  cf  eddy  heat  flux  is  only  between 
l/2  to  1/3  that  of  net  radiation,  which  is  not  a  spectacular  ratio. 


4.  Computation  of  Roughness  Length 

4.1  Computation  free  wind  profiles 

The  conventional  method  of  roughness  length,  zQ>  determination  is 
based  on  the  logarithmic  wind  profile  which  will  exist  only  in  an  adia¬ 
batic  surface  layer  (see  Lettau  [14,  p.  3333 ).  In  view  of  the  extreme 
rareness  of  these  neutral  conditions  at  Little  America  V,  as  well  as  at 
the  South  Pole,  a  new  method  of  prefile  analysis  was  introduced  which 
permits  computation  of  roughness  length,  zQ,  free  diabatic  profiles  (see 
Section  3*5).  The  assumption  is  made  that  (  6V  -  1)  varies  in  direct 
proportion  to  height,  at  least  in  the  lowest  layer.  Then  using  the 
equation  defining  ®v,  (Eq.  3  J  it  follows  upon  integration  that 

log  Zq  =  log(z+D)  -  0.4343(a*1e(1’  6v)-(l  -  6y)  -  0.25(1  -  Bv)2...)  (7) 

where  common  logarithms  are  used  and  the  profile  contour  number, a  ,  is 
defined  as  Alog  v/  Alog(z  +  D).  Since  D  was  obtained  independently  (see 
Section  3*5 )»  equation  (7)  can  be  solved  for  any  level  where  a  end  Bv  are 
known. 

The  mean  zQ  was  obtained  from  all  data  levels,  or,  in  the  more  stable 
cases,  from  at  least  the  3  lowest  levels.  Results  are  plotted  egainst 
bulk  stability,  Ri'  in  Figure  13« 

4.2  Magnitude  and  variation  of  roughness  length 

Even  when  only  "expected"  profiles  were  used,  roughness  length  com¬ 
puted  according  to  the  procedure  used  in  the  "South  Pole  Data  Analysis" 

[2]  was  erratic,  and,  in  general,  too  small,  based  upon  comparative  visual 
observation  of  the  terrain  at  the  2  stations.  The  neutral  stability  zQ 
value  near  0.03  cm  appeared  reasonable,  but  was  based  cm  only  one  10- run 
group.  For  profiles  with  bulk  stability  Ri’  between  6  and  74  lCr3/m,  rough¬ 
ness  length  averaged  near  0.01  cm  but  grew  with  stability.  It  tended  to 
increase  more  rapidly  towards  extreme  stability.  This  increase  may  be  due 
to  the  fact  that  at  Little  America  V  the  values  of  1  -  8V  did  not  vary  in 
direct  proportion  to  height. 
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Figure  13.  Little  America  V  -  Variation  with  bulk  stability,  Ri',  of: 

(a)  Surface  stress,  t0;  (b)  Eddy  heat  flux,  (c)  Rough¬ 
ness  length,  z0.  Abscissa  values  increase  in  proportion 
to  the  square  of  distance  from  zero. 
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5.  Calculation  of  Surface  Stress,  Eddy  Heet  Flux,  and  Momentum  and  Heat 
Transfer  ^efficients 


5,1  Surface  stress 


In  order  to  obtain  the  surface  stress,  it  was  necessary  to  calculate 
the  friction  velocity,  *^/t0/ 0,  from  the  wind  profiles.  The  grouped  data 
were  used,  and  a  formula  was  employed  which  is  valid  for  the  same  assump¬ 
tions  which  underlie  equation  (7),  namely  3Sv/3c  *  constant,  and 
?v,o  -  3 

■fV?  ■  -W  Ke(fV1>  •  V  D)  (0) 

where  common  logarithms  and  a  "slue  of  the  Kansan  constant  k  =  C.4P8  are 
used. 


Surface  stress,  f0,  was  determined  by  aveiaging  values  of  1 
for  the  lower  levels  where  the  profile  curvature  followed  as  closely  as 
possible  the  requirement  that  (l  -  6 )  is  directly  proportional  to  height. 
Air  density,  0,  was  computed  from  the  USVTB  station  data,  using  their 
3-hourly  observations  of  temperature,  pressure  and  pressure  tendency.  For 
these  lower  levels,  stress,  t ,  is  considered  independent  of  height.  A 
convenient  drag  coefficient  (as  defined  by  the  dimensionless  ratio 
(VTo/  D'vl*)  also  was  calculated  from  the  friction  velocity  obtained  from 
the  grouped  wind  profiles. 

Ranges  of  the  surface  stress,  tq,  with  stability,  and  values  of  the 
drag  coefficient  ac  Little  America  V  and  the  South  Pole  are  shewn  in 
Table  5.1.1;  variation  of  t0,  with  stability,  at  Little  America  V,  is  illus¬ 
trated  in  Figure  13 • 

Table  5.1.1  RANGES  OF  SURFACE  STRESS,  xQ,  WITH  BULK. STABILITY,  Ri’,  AND 
VALUES  OF  THE  DRAG  COEFFICIENT,  -JT^To /V4,  LITTLE  AMERICA  V 
AND  THE  SOUTH  POLE  9  1 


Type  of 

No.  of 
30-run 

Range 

Range 
of  fo 

Station 

Profile 

Groups 

of  Ri' 

(Dynes/ cm2 ) 

Little  America  V 

all 

12 

728  to  C 

0.4  to  1.6 

.037 

Little  America  V 

"expected1 

'  7 

191  to  -13* 

0.2  to  1.2* 

.040 

South  Pole 

all 

20 

89  to  10 

C.l  to  1.8 

.042 

*A  10- run  group  at  Ri'  =  -1 
is  relatively  higher  nt  all 

shews  T0  -  2.0  (Fig.  13);  also  surface  stress 
stabilities  for  "inverted"  profiles. 
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The  variation  of  surface  stress  with  stability  chows  cjr.,c  decree 
of  perellelity  with  the  variation  of  wind  speed  with  stability  shown  in 
Figure  9a  (Section  3*3*5 ) -  In  comparison  with  the  relationship  between 
Ri'  and  t0,  and  between  Ri'  and  wind  speed  at  the  f  r.  level,  at  the 
South  Pole,  the  Little  America  V  data  indicate  again  th8t  a  certain  sta¬ 
bility  occurs  at  Little  America  V  with  higher  wind  speed  than  at  the 
South  Pole,  8t  least  for  3^  «  Ri'  <  100,  in  units  -*f  lCrl/r..  The  sea¬ 
sonal  variation  of  surface  stress  will  be  compared  with  that  of  the 
terms  in  the  energy  budget  equation  in  Section  ci. 

The  drag  coefficient  is  relatively  independent  of  bulk  staMlity 
in  the  range  free  Ri*  -  C  to  728. 

5.2  Eddy  heat  flux 

Eddy  heat  flux,  Qq,  was  computed  using  a  similarity  relation  based 
on  vertical  differences  of  wind  speed  and  potential  temperature  from  all 
5  heights,  or  in  cases  of  extreme  stability  the  lowest  4  or  3  heights, 


4io 


-14.4 


(9) 


where  Qq  =  eddy  heat  flux  (ly/min) 

Cp  -  specific  heat  of  air  (cal  g_1deg“^ ) 

* =  V“k 

Kq  =  eddy  diffusivity  for  heat 

Km  =  eddy  diffusivity  for  horizontal  momentum 


IV  and  Afl  have  the  same  meaning  as  explained  in  Section  2.4  in  connec¬ 
tion  with  Equation  (l).  If  the  eddy  diffusiviti.es  for  heat  and  horizon¬ 
tal  momentum  are  the  same,  v=l.  The  sign-convention  is  chosen  so  that 
heat  flowing  in  the  direction  of  increasing  z-values  (upwards)  corresponds 
to  positive  Qq  while  the  heat  flux  accompanying  inversional  temperature 
gradients  is  in  the  downward  direction  and,  therefore,  a  negative  Qq. 

Ranges  of  eddy  heat  flux,  Qq,  with  stability  (assuming  y  =l)  are 
shown,  for  Little  America  V  and  the  South  Pole,  in  Table  5*2.1;  variation 
of  Qc,  vith  stability,  at  Little  America  V,  is  illustrated  in  Figure  13. 


hC 


Table  $.2.1  RANGES  OF  EDDY  HEAT  FLUX,  Qc,  WITH  BULK  STABILITY,  Ri' , 
LITTLE  AMERICA  V  AND  THE  SOWS  ROLE 


Station 


No.  of 

Type  of  3^-run 

Profile  Groups 


Range 
of  Ri' 


rw.nge  of  Qq 


Little  America  V 
Little  America  V 
South  Pole 


all 

"expected" 

ail 


12  728  to  0  -1.0b33  to  approx.  r. 

7  191  to  -13  -C.C37k  to  C.GI3C 

20  68*to  -18  -C.0239*to  +0.0052 


♦no  consistent  variation  above  Ri'  =  +10 


5.3  Momentum  transfer  and  heat  tr^n^Ter  coefficients 

A  relationship  cau  oe  obtained,  by  the  procedure  used  in  the  "South 
Pole  Data  Analysis"  12],  between  the  stability  coefficient,  S,  derived 
from  USVB  data  (see  Section  3*3*3  and  equation  (2)),  and  momentum  transfer 
end  heat  transfer  coefficients,  for  the  hours  when  temperatures  at  2  level 
and  wind  speed  at  1  level  are  available  from  both  QM  and  USVB  observations 
The  di-ng  coefficient  (  /V^),  as  was  discussed  in  Section  p.i, 

varies  little  with  change  in  bulk  stability  or  wind  speed. 


A  momentum  transfer  coefficient  is  defined  as 


AVB  = 


and  a  heat  transfer  coefficient  is  defined  as 


FVB 


%  0  (uio)(Tio  "  T2*5  ^ 


(3  0) 


(11) 


where  T  0  and  Qq  are  computed  from  the  grouped  profiles  obtained  from  QM 
observations  and  the  wind  speed,  U,  and  temperatures ,  T,  at  the  heights 
in  meters  shewn  in  the  subscripts,  are  obtained  from  synchronous  USVB 
observations.  These  coefficients  were  computed  for  twelve  3^run  groups 
for  all  types  of  wind  profiles,  with  the  3  unstable  30-run  groups  emitted 
because  of  the  large  variation  in  t 0  at  the  5  levels.  The  coefficients 
were  computed  also  for  seven  3^- run  groups  of  ''expected"  profiles,  includ¬ 
ing  1  unstable  group.  When  the  results  are  plotted  versus  the  stability 


coefficient,  S,  the  scatter  of  points  is  large  rccativu  t  ,  th.tt  tt  she 
South  Pole,  even  w'-.en  only  "expected"  profiles  ore  usee.  It  woo'  decided, 
therefore,  to  use  constant  va'ue~  of  the  two  coeff . ~ler.tc ,  cquoi  to  toe 
v ri thr.etic  tveroco  * 


/  ' 

,  .  |  ca  \ 

\  2  n  knot  J 


b)  ♦, 


WB 


•'"'l 


cm 


-V 


sec  knot  j 

These  coefficients  and  equations  (1C)  and  (11 )  will  be  used  in 


Section  £  to  obtain  values  of  the  eddy  heat  flux  tern  _n  the  energy  budget 
equation  and  values  of  the  surface  stress  for  c orpe r  L  r jt.  with  the  terms 
.r.  the  energy  budget  equation. 


Heel  Flux  in  the  Snow 


u.l  Temp^mture  observations  and  patterns 

6.1.1  Comparison  of  once- a -day  and  continuously  recorded  subsur¬ 
face  temperatures.  The  vertical  heat  flux  in  the  snow,  S0,  is  an  irper- 
tant  constituent  of  the  he  it  budget  at  the  snow-air  interface.  Discussion 
of  this  heat  flux  at  Little  America  V  is  included  in  a  report  by  Crary  [7, 
pp.  l5-5o ].  Observations  were  taken  once  a  day  at  6  depths  by  Chappell*, 
liost  of  these  temperatures  were  measured  with  a  "thermohm  string."  In 
addition,  fne  USW3  recorded  thercohm  measurements  continuously  at  2  sub¬ 
surface  levels,  the  surface,  and  3  heights  on  their  50- foot  microneteoro- 
logical  mast  adjacent  to  the  3^*Toot  Aero vane  mast,  316  to  350  feet  HNE 
of  the  camp. 

Figure  14  is  a  plot  of  the  monthly  mean  temperatures  at  the  various 
subsurface  levels  from  Chappell’s  once-a-day  observations;  he  reduced 
most  of  the  readings  to  constant  levels  and  Dr.  Crary  extended  this  re¬ 
duction.  The  surface  temperatures  shew  the  abnormal  warmth  of  the  merits 
of  June,  and  beiow-normai  temperature  of  April,  in  1957,  conditions  illus¬ 
trated.  previously  by  Figures  1  to  3,  it  Section  2.1. 

Monthly  mean  temperatures  free  the  U.  S.  Weather  Bureau’s  continuously 
recording  thermohms  at  2  a  above  the  surface,  the  surface,  and  i  and  2  m 
depth  were  compared  with  those  from  Chappell's  once-a-day  observations. 

With  the  exception  of  a  colder  September  mean  at  the  surface,  and  a  warmer 
October  mean  at  1  m  depth  computed  from  the  continuously  recorded  temper¬ 
atures,  agreement  is  close. 


♦Hicham  Chappell ,  Eagle  Scout,  Boy  Scouts  of  America,  sponsored  by 
national  Academy  of  Sciences. 


6.1.2  Comparison  of  Little  America  V,  Maudheim  and  South  Pole 
subsurface  temperature'  ■  xtremes.  the  once- a- c iy  observations,  as  summar¬ 
ized  by  Crary  LTD  are  plotted  in  the  form  of  a  tautochrone  in  Figure  15. 
It  is  interesting  to  compare  this  tautochrone  with  those  for  Maudheim  and 
the  South  Pole  Station  [2,  Figs.  21  and  22,  pp.  55  and  56].  The  minimum 
temperature  at  about  1  m  depth  deviates  from  the  average  by  approximately 
8  C°  for  all  three  stations.  The  maximum  at  about  1  m  depth  deviates 
from  the  average  by  approximately  16  C*  at  the  South  Pole  Station  (which 
is  the  coldest,  highest  latitude  location),  by  12  C°  at  Little  America  V 
(T8o10'S)  and  by  only  8  C°  at  Maudheim  (71°03'S).  The  minimum  tempera¬ 
ture  just  below  the  snow  surface  occurs  in  August  at  all  3  stations:  In 
late  August  at  the  South  Pole,  where  sunrise  is  after  mid- September;  near 
1  August  at  Maudheim,  even  though  sunrise  is  27  July;  and  late  in  August 
at  Little  America  V,  where  sunrise  is  25  August.  H.  Wexler  [  S3  refers  to 
3  delayed  air  temperature  minimum  at  the  coastal  stations  and  attributes 
the  lag  to  extension  of  the  ice  pack  to  hundreds  of  miles  from  the  coast 
in  late  winter,  which  cools  air  masses  moving  to  the  Antarctic  continent 
from  the  north.  This  late  minimum  would  be  reflected  in  temperatures 
Just  below  the  surface,  causing  the  minimum  to  occur  later  in  relation 
t**  sunrise  than  at  the  South  Pole. 

6.2  Analysis  of  snow  temperature  variations 

[Note:  For  the  sake  of  consistency  with  previous  work  in  the  liter¬ 
ature  in  the  fields  of  surface  layer  turbulence  as  well  as  subsurface 
heat  diffusion,  it  is  unavoidable  that  certain  mathematical  symbols  (such 
as  a  ,  X  ,  etc. )  must  be  used  with  a  different  meaning  in  this  section 
than  in  Sections  4  end  5.  See  list  of  symbols  and  units  in  front  pages 
of  this  report  (after  the  Table  of  Contents).  Natural  logarithms  are 
used  and  abbreviated  by  "In." 3 

6.2.1  Calculation  of  amplitudes  and  phase  angles  of  the  pene¬ 
tration  of  the  neat  wave.  iW  once-a'-'day  subsurface  temperatures .  sum¬ 
marized  by  montlis  by  Crary  C7#  p*  493,  and  plotted  in  Figure  14  of  this 
report,  were  analysed  by  him.  An  independent  re-analysis  of  the  same 
data  used,  in  simpler  form,  the  method  used  in  the  study  of  the  South 
Pole  observations. 

Let  n  *  frequency  of  the  annual  cycle  *  2  Tr/365  * 

0.0172  rad/ day  =  1»99  x  lCT?  rad/sec.  The  first  harmonic  of 
the  annual  variation  of  temperature  is  described  by: 

T  =  Tm  +  A  cos(nt  -  a  )  (12) 

which  yields  for  the  vertical  gradient  of  temperature. 
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DEPTH  (m) 


35  30  25  20  15  iO  5 

TEMPERATURE  (— CC) 

Figure  15.  Little  Acerica  V  -  Tautochraner ,  195T-53. 
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A^  ’  sin(r.t  -a  ), 


m  f 
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where  subscript  r.  denotes  the  annual  mean 


A  -  amplitude  (deg) 
a  =  phase  angle 
t  -  time 


(12 


\ 


and  the  prime  Indies *. es  differentiation  with  respect  tc  depth.  The 
use  of  the  cosine  function  (rather  than  the  sine  function)  together 
with  the  minus  sign  of  the  phtse  lag  in  equation  (12)  is  for  conven¬ 
ience.  This  a  -value  corresponds  to  the  tire  of  or  urrer.ee  of  the 
extreme  phase,  at  cero  date  plus  a  /n.  This  is  the  tire  of  minimum 
value,  since  all  temperatures  are  negative  ar.d  Fourier  analysis  is 
done  without  carry .ng  the  minus  sign  of  temperatures. 

Results  of  the  new  analysis  and  Crary's  original  analysis  are  shown 
in  Table  6.2.1. 


Table  6.2.1  AjgLITUDSS  AND  PHASE  ANGLES  OF  THE  PENETRATION  OF  THE  HEAT 


WAVE  AT  TEE  VARIOUS  LEVIES  AT 

LITTLE 

AMERICA 

V.  AS  OBTAINED 

BY  2 

AXVLYSEb 

Death 

Aaplitude 

ln  A 

late  of 

Fnase  Angle  (  a  ) 

(  =  ) 

(A) 

Max. 

Days 

(Deg) 

(Radians ) 

(e) 

(deg  C/ 

Tecp. 

Crary 

Hew 

r  rary 

Rev 

Crary 

Crr  ry 

Hew 

Cnsry  New 

Sfc 

lh.9 

lh.0 

2.Jk 

2.6k 

8  Jan 

c 

77*25’ 

.  '  /■y’*'  ^  ~ 

0.5 

12.2 

n.u 

2.5A 

2>3 

xb  Jan 

10 

57*50' 

G.j-7  C.lS 

i.C 

9-2 

6.5 

2.22 

2.1k 

28  Jan 

20 

99*59’ 

C.31*  0.391* 

2.0 

5.6 

5-5 

1.76 

l.TL 
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1230  hr 

0.7k  C.606 

h.O 

2.7 

2.7 

l.X 

0-99 

26  Mar 

79 

loo* Li’ 

1.36  1.593 

a.o 

0.6 

0.6 

-C.51 

-O.50 

30  May 

lh2 

236*  0’ 

2.L5  1.SC3 

Ln  A  is  plotted  versus  a  in  Figure  lo.  For  the  classical  case 
of  a  homogeneous  conductor,  d  a  =  -d(inA),  whereupon 

T*  *  Te’  -  A  a'  V?  cos^nt  -a*  -5)  (l4) 

where  T’  is  the  v»rticel  tempera  core  gradient. 

6.2.2  Calculation  of  thermal  diffusivity  and  the  coefficient 
of  heat  conductivity.  The  penetration  of  the  annual  cycle  of  temperature 
was  examined  for  homogeneity  of  heat  conduction,  in  order  to  determine 
thermal  diffusivity,  K,  which  can  be  calculated  from 


he 


K 


n 


(W) 


pCT7? 

Ln  A  and  a  (radians)  are  plotted  against  depth  Jri  Figure  17  for  both 
analyses,  and  linear  relationships  appear  to  exist,  at  least  below  1  r.eter. 
This  is  a  necessary  and  sufficient  condition  for  homogeneity  of  heat  con¬ 
duction  at  and  below  this  level. 

From  Figure  17 


,  alnA  .  %  1.92 

'  3  z  ^2m  500  cm 


0.384/m  -•  (  «  '  )2m 


restating  when  a'  is  substituted  in  equation  (±5)>  in  Kga  B  0.0068  cm2/sec, 
which  may  be  compared  with  0.0068  ot  Maudheim  and  0.0047  at  the  South 
Pole  C2l.  It  is  assumed  that  this  value  of  K  applies  also  to  levels  below 

2  m. 

The  coefficient  of  heat  conductivity  of  the  medium,  X,  can  be  calcu¬ 
lated  from  X  =  KC.  where  the  heat  capacity  C  -  ocj.  With  a  snow  density, 
o  ,  of  0.40  g/cm3  at  2  m,  and  c,  =  0.453  cal/g  deg  (using  the  average 
1  m,  April-October,  snow  temperature  of  -28.4°)  it  follows  that 
C  *>  0.l8l  cal/cra^deg.  Then 

x  r-  0.0CH23  =  1.063 

deg/cm  deg/m 

a  value  intermediate  between  that  at  the  South  Pole  and  that  at  Maudheim. 

6.2.3  Calculation  of  daily  values  of  the  heat  flux  at  2  m.  It 
must  be  borne  in  mind  that  the  thermal  diffusion  model  used  rests  on  the 
assumption  of  genuine  heat  conduction.  That  is  to  say,  that  at  any  time  in 
the  considered  layer  the  flux  of  heat  (F;  ly/ time )  should  be  directly  pro¬ 
portional  to  the  vertical  temperature  gradient  (T* ): 

*  *  -  (16) 

Substituting  in  equation  (12)  for  A  and  a  from  table  6. 2. 1.1, 
using  for  A  the  average  of  the  values  obtained  by  Crary  and  the  re-analysis 

T2m  =  -23.3  +  5.65  cos(nt  -  20  Feb.) 

and  in  equation  (14) 


1  =  -0.15  -  3*°7  cos(nt  -  6  Jan),  deg/m 
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Figure  16.  Snow  Teaperature  -  Amplitude  versus  Phase  Angle 


Using  a  sign  convention  that  heat  flowing  in  the  direction  of  in¬ 
creasing  depth  (i-e. ,  downward,  away  fras  the  surface)  is  denoted  by  a 
positive  value,  while  negative  denotes  upward  heat  flux  (towards  the 
surface),  the  daily  values  of  heat  flux  at  2  n  can  be  obtained  as 

Sp^  =  -  XT'  =  1.063  C0.15  +  3. err  cos(nt  -  6  Jan)] 

Heglecting  the  very  tvcsil  annual  mean  heat  flux  term 

S_  =  3*26  coc(nt  -  6  Jan),  ly/day 

O  i 

Daily  values  of  were  calculated  for  the  period  25  April  through 
20  October,  1957. 
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Figure  17*  8 now  Temperature  -  Amplitude  and  Phase  Angle  versus  Depth 


6.2.4  Calculation  of  the  heat  flux  at  the  surface.  Running 
means  of  temperatures  shown  in  [7,  Appendix,  Table  3 j  were  used  to  Inte¬ 
grate  the  heat  flux  betveen  2  meters  and  the  surface*  Temperatures  at 
5  levels  were  employed:  the  actual  surface,  the  aero  level  (which  had 
Initially  been  the  surface  level  but  became  gradually  the  season's  snow 
accumulation),  and  the  3  levels  at  55,  78/  and  150  cm  below  the  zero  level. 
For  each  of  these  5  levels,  temperature  change  from  2  days  before  to  2 
days  after  each  date  was  obtained.  This  was  calculated  for  the  upper  3 
layers  (betveen  surface  and  the  nominal  78  cm  level)  by  averaging  the 
4-day  differences  at  the  top  and  bottom  of  each  sub-layer.  The  tempera¬ 
ture  change  at  150  cm  depth  was  assumed  as  representative  for  the  layer 
from  78  to  200  cm.  Differences  are  smell,  in  any  case,  at  this  depth. 

The  heat  flux  contribution  of  each  layer  was  obtained  by  multiplying 
the  temperature  difference  averaged  over  the  4-day  period  (  a  T/4)  by  the 
thickness  of  the  layer  (  Az)  and  by  the  heat  capacity  C,  where  C 
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ic  obtained  by  irnnng  the  overage  value  of  C.453  •-ol/'g  de:  f^r  c,  ar.c 
estimating  0  fro r  l  7,  rig.  13>  p-  39i  for  each  layer.  Addjt.on~of  the 
heat  flux  contributionc  for  the  4  layers  yielded  daily  valuer  of  the  :u at 
flux  difference  between  2  n  and  the  surface,  and  subtraction  of  true 
quantity  fror.  the  heat  flux  at  2  m  (ecrputed  ns  described  before)  re¬ 
sulted  in  daily  values  01  the  heat  flux  at  the  surface,  S0,  smoothed  _ver 
a  5-day  period,  corresponding  to  a  3-day  running  mean. 

7.  Measurement  of  Met  Radiation 

Ret  ’•adiation  values,  Rq,  for  Little  America  V  were  supplied  by 
Professor  Hoinkec,  University  of  Innsbruck;  they  were  directly  measured 
by  a  net  radiometer  manufactured  by  Schulze,  both  thermopiles  of  which 
were  recorded  separately.  Details  of  his  instrume.ntati  'n  ere  described 
in  tl8  !  and  in  the  references  contained  therein.  Cal.bration  terts  after 
the  instrument  was  returned  from  the  Antarctic  revealed  that  the  polyethy¬ 
lene  used  transmitted  less  long-wave  radiation  than  anticipated  [19], 
necessitating  adjustment  cf  about  5^6  in  the  tentative  vaiues  quoted  in 
[181- 


Net  radiation  was  also  measured  by  the  U.  X,  Weather  Bureau  using, 
es  at  the  South  ?oi<>  Station  [  2J ,  a  net  exchange  radiometer  manufactured 
by  Beckman  and  Whitley.  The  Schulze  instrument  employs  a  radiation  dame 
that  dees  not  requi re  ventilation,  while  the  Beckman  and  Whitley  instr.- 
mervs  employ  a  heat  flew  plate  which  mist  be  aspirated.  Hourly  values 
after  1  July  1957  had  been  computed  by  the  U.  S.  Weather  Bureau  and  were 
available  on  microfilm.  Additional  values  for  April  through  June  1957  were 
computed,  and  the  daily  totals  for  April  through  October  1957  compared  with 
Dr.  Hoinkes’  revised  values.  Comparison  shows  agreement  within  the  limits 
imposed  by  differences  in  instrumentation  and  some  possible  differences 
in  exposure. 

The  daily  values  of  net  radiation,  revised  by  Dr.  Hoini.es,  have  been 
employed  to  compute  the  daily  heat  budgets  between  25  April  and  2C  October, 
since  this  is  the  period  for  which  observations  necessary  for  computing 
eddy  heat  flux  and  the  subsurface  heat  flux  were  available. 

6.  Surface  Energy  Budget 

8.1  Definitions,  and  energy  budget  equation 

The  equation  of  the  energy  budget  at  the  snow-air  interface  will 
be  cons'dered  in  the  form 

R0  =  «o  +  S0  +  E0 

where  Rq  =  radiation  balance  or  net  radiation  at  the  interface 


(17) 


'  eddy  heat  fiux  at  the  interface  (defined  .n  Je'-t-.'/n  5) 

Sc  snow  heat  flux  at  the  interface  (defineu  an  Section  u) 

E0  =  latent  heat  flint  at  the  interface 

/'ll  four  terms  ore  expressed  in  lv/tine,  where  ly  -  l.nt,iey  -ol/cr^, 
end  cao.  =  gran  calorie,  or  small  calorie.  Convenient  units  are  cither 

1/ 'day  or  ly/hour.  The  sign-convention  for  the  three  fluxes  (^,  S„, 

and  E D)  Is  so  thcl  transport  away  free  the  interface  has  the  positive 
sign.  Wet  radiation  is  defined  as  positive  when  .more  radiation  energy  is 
received  than  emitted  fro sr.  the  interface.  Thus,  a  positive  RQ  indicates 
an  energy  source  at  the  interface  (usually  requ.r.ng  the  presence  if 
solar  radiation);  a  negative  Rq  indicates  an  energy  s-r./i  at  the  interface 
s.:d  will  require,  for  balance,  negative  fluxes  directed  towards  the  sur¬ 
face. 


3.2  Computation  of  terms  of  tne  energy  budget  equation 

Using  the  constant  coefficient  of  heat  transfer  sr.d  e~u£*inr.  (11 ) 
free.  Section  5«3>  hourly  values  and  5-day  running  near.  •  of  eddy  heat  flu*. 
Qq,  were  computed  and  listed  by  the  Deta  Analysis  Cfii-e.  Smoothed  da.iy 
'values  of  the  heat  fiux  at  the  surface,  Sc,  correspond. ng  to  a  5 -day  — un- 
ning  rear. ,  were  obtained  by  procedures  described  in  Section  o.2.  The  pro¬ 
cedure  for  obtaining  daily  values  of  net  radiation,  has  been,  described 
in  Section  ?•  Five-day  running  nears,  corresponding  to  those  of  Qq  and 
Sc,  were  obtained  by  the  Data  Analysis  Office.  These  nears  of  Q.-,,  S3,  and 
Rq  for  5-day  periods  were  used  to  obtain  a  1  D-day  -can  for  late  April, 
30-day  rear. s  for  Kay  through  September,  and  a  20-uay  mean  for  the  first 
pert  of  October. 

When  Rq,  and  SQ  are  known,  the  latent  heat  flux,  E  ,  is  obtained 
with  the  aid  of  equation  (17)  as  the  remainder  which  rakes  the  budget 
complete.  For  surface  temperature  below  freezing,  a  negative  E0  will 
indicate  deposition  (i.e.,  the  vapor  phase  transforms  directly  to  solid 
ice,  for  example,  as  hoarfrost),  and  a  positive  EQ,  sublimation  (i.e. , 
the  ice  evaporates,  without  internediate  liquid  phase).  This  nomencla¬ 
ture  concerning  phase  changes  of  HpO  was  suggested  by  MacDonald  [2C,  page 
245). 


9.3  The  seasonal  course  of  surface  stress 

The  seasonal  course  of  surface  stress  is  of  interest  for  comparison 
with  changes  in  the  terns  of  the  energy  budget  equation.  Using  the  con¬ 
stant  coefficient  of  rorentin  transfer  and  equation  (1C)  from  Section  5.3, 
hourly  values  and  5- hay  running  means  of  surface  stress,  tq,  were  computed 
and  listed  by  the  Data  Analysis  Office.  Hie  5-hay  means  are  plotted  in 
Figure  18,  and  were  combined  to  obtain  means  for  longer  periods  corres¬ 
ponding  to  those  calculated  for  the  terms  of  the  energy  budget  equation 
(see  Section  8.2).  These  means  are  shown  by  uhe  heavy  line  in  Figure  13, 
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PI  ’’re  18.  Little  America 
y  1957:  Annual  varia¬ 
tion  of  surface  stress, 
tq,  by  5-day  periods, 
anu  oy  3C-day  periods 
(heavy  line)  approxima¬ 
ting  the  months  of  May 
through  September. 
(Dashed  line  was  used 
for  averages  of  10  dayB 
in  April  and  20  days  in 
October. ) 


Figure  19 .  Seasonal  trends 
in  energy  budget  terms  of 
the  snow  surface  at 
Little  America  V,  1957* 


and  the  periods  of  time  correspond  closely  to  monthly  periods  for  May 
through  September.  Averages  are  higher  than  at  the  South  Pole  Station 
[ 2 ,  Fig.  32],  as  m.l;jht  be  expected  from  the  higher  wind  speeds  at  Little 
America  V.  The  high  peaks,  shown  in  the  5-day  -'eans  and  occurring  at 
nly  slightly  irregular  intervals,  accompany  the  passage  of  low  pressure 
area?  at  this  coe6tal  station.  (In  contrast,  the  continental  climate  at 
tb?  kmth  Pole  Station  produces  a  smaller  range  of  t0. )  The  longer 
t  ;riod  averages  obscure  this  short-period  variability  of  surface  stress 
aii '  produce  a  graph  no  more  irregular  than  that  for  the  South  Pole. 

"  1»  /  -vrrsge  monthly  ceat  budget  constituents  at  the  snow-air  inter- 


y  •-  ,;;1,  .V’f  of  the  1  constituents  of  the  energy  balance,  discussed  in 
re- crction,  are  plotted  in  Figure  19,  and  are  listed  in  Table 


Trli-i  ,  ,  £UEHGY  FiAJXES  AT  LITTLE  AMERICA  V,  1957.  Average  monthly 
r  vT  ToT'  ■?%  constituents  (iy'day)  at  the  snow-eir  interface:  Ket  radia- 
t'.  Jn  {  '  }  derived  ''rtp  3.  measurements,  eddy  heat  flux  (Qq)  derived 

frod  11^3  and  SLABS  and  snow  heat  flux  (S0)  derived  from  Chappell's 


data  as  published  by  Crary  [7], 
remainder  term. 

latent 

heat 

flux,  Eq  = 

«o  -  So  -  so  = 

Month 

Qo 

•Sc 

Eq 

April  (beginning  23rd) 

-25 

-  9 

-  5 

-11 

May 

-39 

-16 

-  o 

-17 

June 

-32 

-12 

+  2 

-22 

July 

-35 

-17 

-H 

-  1 

August 

-31 

-15 

+  3 

-22 

September 

-33 

-15 

_  3 

-15 

October  (ending  19th) 

-10 

-  9 

*•  7 

•  £ 

Table  6.1.1  may  be  compared  with  Tables 

8.1.1  and 

6.3.I  in  [2]  whicn 

show  the  same  quantities  for  Maudheis  end  the  South  Pole.  Note,  however, 
that  the  observations  are  for  different  years,  and  even  the  30-day  ever- 
ages  do  not  correspond  exactly  with  calendar  months. 

8.5  Comparison  of  hoarfrost  deposition  at  Little  America  V,  Maudhein 
and  the  South  Pole 

On  the  average,  deposition  (negative  values  of  E0 )  occurred  through¬ 
out  the  6-month  period  at  Little  America  V;  actually,  however,  longer 
periods  of  hoarfrost  deposition  were  interrupted  quite  frequently  by  short 
periods  of  sublimation.  Table  8.3.2  in  [2]  al30  indicated  that  deposition 
was  to  be  expected  at  Little  America  V.  and  in  only  slightly  less  quantity 
than  indicated  here,  although  in  larger  amount  than  at  Maudhein,  the  other 


coastal  station.  The  approximately  6-month  mean  of  deposition  can  be 
converted  to  a  mass  flux  density,  or  column  of  liquid  water,  per  time, 
considering  the  latent  heat  of  the  vapor- to- ice  phase  equal  to  667  cal/g. 
Thus  15  ly/day,  which  equala  2700  ly/l80  days,  corresponds  to  a  water 
equivalent  of  4.0  g/cm^  or  40  nan  of  water  for  the  approximately  6-month 
period,  which  is  1.2  times  as  much  as  the  3^  of  water  at  M&udhelm  dur¬ 
ing  a  period  of  corresponding  duration.  The  annual  water  equivalent  of 
the  deposition  at  Maudheim  was  estimated  to  be  27  mm  and  only  the  3  core- 
months  of  the  Antarctic  sunaner  showed  positive  E0. 

Hoarfrost  was  observed  frequently  on  the  anemometers  at  Little 
America  V  in  quantities  within  the  limits  of  error  of  the  deposition 
obtained  as  a  remainder  in  equation  (17),  but  its  feathery  quality  and 
the  measured  depth  of  deposition  suggest  the  error  to  be  on  the  side  of 
less  deposition  than  computed. 

At  the  South  Pole,  without  advection  of  additional  moisture  and  with 
very  cold  winter  temperatures,  deposition  was  light  and  increased  slightly 
with  colder  temperature,  even  with  the  cases  of  calm  winds  omitted.  At 
Little  America  V,  on  the  other  hand,  deposition  was  gr'.at  in  the  warm 
month  of  June,  and  in  general,  wax;  not  consistently  .elated  to  temperature. 
It  is  likely  that  advection  of  moisture  was  a  prim’  ry  cause  of  increased 
deposition  at  Little  America  V.  Northeasterly  wi  .ds  were  frequent  in  June 
and  winds  from  the  direction  of  the  sea  were  norrally  of  higher  velocity. 


9.  Conclusions 


At  Little  America  V  the  winter  is  "careless"  (with  mid-winter  rever¬ 
sals  of  the  temperature  trend)  and  the  monthly  terperature  range  is  large. 
The  minima  appear  to  be  controlled  by  the  annual  course  of  net  radi6tjon 
in  the  interior  of  tne  continent  and  occasional  cold  air  advection,  and 
the  maxima  by  cyclonic  activity  which  advects  warmer  air  in  the  Ross  Sea 
arfj.  The  temperature  averages  for  individual  months  vary  considerably 
from  year  to  year,  and  the  annual  minimum  may  occur  in  any  winter  month. 

In  1957  stable  conditions  predominated  in  the  air  layer  of  micrometeoro- 
logical  profile  measurements  and  cases  of  maximum  stability  were  more 
extreme  than  at  the  South  Pole.  The  minimum  temperature  during  winter 
frequently  was  recorded  at  the  6  or  12  cm  level,  thus  producing  an 
"anomalous"  profile  structure. 

The  variation  of  tht  wind  gradient  with  height  from  the  surface  to 
3  ns  is  distinctly  less  regular  at  Little  America  V  tnan  at  the  South  Pole 
Station.  Neither  the  fetch  of  the  wind  nor  the  sky  conditions  afford  a 
satisfactory  correlation  with  type  of  wind  profile.  Nor  do  advection, 
katabatic  effects,  n;r  a  combination  of  the  two  provide  an  explanation 
of  the  observed  wind  and  temperature  profiles. 

The  shift  toward  less  stable  conditions,  along  with  the  seasonal 
rise  in  temperature, wa s  delayed  until  October.  Highest  wind  speed  and 
highest  temperature,  as  at  the  South  Pole,  occurred  near  neutral  stabil¬ 
ity,  but  unstable  conditions  were  accompanied  by  less  cloudiness. 

The  Richardson  number  changes  more  systematically  with  height  in  the 
lowest  1  m  than  might  be  inferred  from  the  complicated  structure  of  the 
wind  and  temperature  profiles,  which  suggests  an  interesting  tendency  for 
compensation.  The  systematic  increase  of  wind  profile  curvature  with 
height,  evident  at  the  South  Pole,  is  lacking  above  1.5  m,  which  may  indi¬ 
cate  an  extremely  shallow  surface  layer  at  great  stability.  Conditions 
at  Little  America  V  demonstrate  the  limitations  of  existing  theories  of 
diabetic  profile  structure. 

Variation  of  surface  stress  shows  seme  degree  of  perallelity  with 
the  variation  of  wind  speed.  High  peaks  of  surface  stress,  shown  in  the 
5-day  averages,  accompany  the  passage  of  cyclonic  depressions  in  the  Ross 
Sea  area.  Drag  coefficient,  using  K&rain's  constant  as  0.1+28,  averaged 
O.037  as  compared  with  0.0U2  at  the  South  Pole.  • 

The  energy  budget  at  the  snow-air  interface  was  considered  with  net 
radiation  equal  to  the  sum  of  the  eddy  heat  flux,  the  heat  flux  in  the 
snow,  anu  the  latent  heet  flux.  The  complicated  profile  structure  lei 
to  erratic  variation  of  the  coefficients  of  momentum  und  heat  with 
stability;  therefore,  constant  coefficients  were  used  to  relate  the 
stability-grouped  QjM  observations  to  the  USWB  standard  observations  and 
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obtain  rneans  of  eddy  heat  flux  for  use  in  the  energy  equation.  Or.ce-a- 
day  subsurface  temperature  observations  by  Chappell  yielded  relatively 
8 nail  mean  values  of  the  heat  flux  in  the  snow.  The  latent  heat  flux, 
when  treated  as  a  remainder  indicates  deposition  in  the  6-ronc.h  period 
in  1957,  equivalent  to  about  UC  nc  of  water,  1.2  times  as  much  as  that 
at  Maudheim  during  corresponding  periods  in  195^  and  1951.  Increased 
deposition  in  the  milder  winter  months  may  be  due  to  an  accazpsnying 
increase  in  available  moisture. 
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APPENDIX  A 


NOTE  ON  THE  LOW -LEVEL  ANOMALY  IN  VERTICAL  TEMPERATURE  PROFILES 
UNDER  CONDITIONS  OF  OUTGOING  RADIATION 
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NOTE  ON  THE  LOW-LEVEL  ANOMALY  IN  VERTICAL  TEKFEWTUFE  PPOFH.ES  UNDER 
CONDITIONS  OF  OUTGOING  RADIATION 

by 

H.  H.  Lettau 
University  of  Wisconsin 


It  has  long  been  Known  in  micrometeorology  that,  occasionally,  dur¬ 
ing  calm  clear  nights,  the  vertical  profile  of  average  air  temperature 
can  exhibit  an  anomalous  structure  in  that  the  minimum  temperature  d  >es 
not  occur  at  the  earth/air  interface  but  at  some  vertical  distance  aloft. 
usually  from  a  few  millimeters  to  decimeters  above  the  surface,  producing 
a  "superadiabatic"  lapse  rate  of  temperature  of  the  order  of  1°C/10  cm 
in  the  lowest  layer  of  the  nocturnal  inversion.  This  anomaly  appears  to 
have  been  first  described  by  Indian  meteorologists  who  observed  it,  dur¬ 
ing  micromcteorological  studies,  on  fields  and  bara  ground  near  Peons, 
India;  reference  can  be  mode  to  L.  A.  Pandas  and  S.  Atasnsthan  (1932), 

K.  R.  Remanathan  and  L.  A.  Rand&s  (1935),  and  L.  A.  Rindas  (i9~5)»  More 
than  two  decades  later  K.  Raschke  (1957)  undertook  a  series  of  very  inter¬ 
esting  field  experiments  also  at  Poona,  to  clarify  the  physical  and 
meteorological  conditions  under  which  the  anomaly  develops.  Until  that 
time  it  was  not  clear  whether  or  not  the  phenomenon  was  of  trivial  nature; 
reference  can  be  made  to  a  discussion  during  the  "International  Symposium 
on  Atmospheric  1  .urculence; "  see  H.  H.  Lettau  (1952 ),  Sec.  7.2.4.  Raschke 
demonstrated  convincingly  that  more  or  less  trivial  causes,  such  as  instru¬ 
mental  errors,  or  radiations!  cooling  of  the  air  layer  near  the  tops  of 
low  vegetation,  or  small-scale  advection  of  air  which  had  been  cooled  at 
relatively  high  rates  over  neighboring  surfaces,  or  air  drainage  along 
sloping  terrain  can  be  ruled  out.  That  is,  the  phenomenon  is  readily  ob¬ 
served  over  bare  level  ground,  even  on  top  of  a  fiat  mesa  near  Poona.  It 
is  predictable  because  it  depends  on  intensity  of  overall  air  motion. 

Once  established,  it  proved  to  be  remarkably  persistent  or  stable,  in  that 
it  reproduced  itself  within  a  short  time  after  having  been  thoroughly  dis¬ 
turbed,  or  eliminated,  by  artificial  stirring  of  the  air  by  waving  of  a 
large  sheet  of  plywood. 

Observational  work  in  other  climatic  regions  by  H.  Bravand  and  H. 
Kchnke  (1952),  J.  Lake  (1956),  R.  Fleagle  (1956),  H.  Niilisk  and  H.  Moldav. 
(i960),  and  cthc -s  leaves  no  reason  for  doubt  that  the  phenomenon  is  real 
and  cannot  be  explained  by  instrumental  errors  (i.e..  direct  effects  of 
radiation  combined  with  lack  of  ventilation  of  •'•he  temperature  sensors), 
or  by  unique  and  extraordinary  local  conditions  at  Poona,  India. 
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A  variety  of  authors  have  attempted  to  arrive  at  e  physical  under- 
standing  of  the  phenomenon  and  its  causes.  Almost  exclusively,  the  theory 
was  based  on  the  properties  of  loog-wave  radiation  fluxes  in  the  lever 
atmosphere,  and  their  divergence  (or  convergence)  along  the  vertical,  due 
to  water  vapor  and  temperature  gradients.  Subsequent  vertical  patterns 
of  cooling  (or  heating)  rates  are  assxmed  to  transform  an  initially  mono- 
tonically  decreasing  tempera ture  profile  into  one  which  shows  a  minimum 
value  aloft,  or  even  an  S-shape,  or  inverted  S-shape.  However,  certain 
discrepancies  between  the  results  of  different  theoretical  models  of 
radiation- flux  divergence  appear  to  exist;  reference  can  be  made  to  work 
by  F.  Moeller  (195*)  and  (i960),  K.  Raschke  (1957),  G.  N.  Geevskaya, 

K.  Y.  Kondratjev,  end  E.  Yakushevskaya  (1962),  and  others.  An  attempt 
to  explain  the  possible  generation  of  S-shaped  temperature  profiles, 
independent  of  radiation  divergence,  by  means  of  differential  reduction 
of  eddy  diffusivity  in  a  growing  inversion  (due  to  the  vertical  profile 
of  the  Richardson  number,  and  subsequent  local  divergences  of  the  eddy 
heat  flux)  was  outlined  by  H.  Lettau  (1952),  and  later  taken  up  by  F.  K. 
Devis  (1957)*  In  still  another  approach,  Seemann  and  Loew  (19H)  sug¬ 
gested  that  heat  of  condensation  released  by  dew  formation  could  account 
for  a  relative  warming  0'  the  ground  and  thus  explain  the  temperature 
minimum  aloft.  This  explanation  can  be  rejected  at  once  for  physical 
reasons;  moreover,  ?.  K.  Davis  (1957)  could  show  that  the  micrometeoro- 
logical  anomaly  can  appear  before  any  dew  deposition  is  evident. 

Experimentally,  an  interesting  relationship  was  discovered  by 
R.  Luetzke  (i960).  The  work  of  this  author  was  deliberately  devoted  to  a 
statistical  analysis  of  the  wind- dependency  of  the  low-level  anomaly  of 
the  nocturnal  temperature  profile,  and  the  seasonal  variation  of  its  fre¬ 
quency  of  occurrence,  during  a  full  year  of  a  special  observational  pro¬ 
gram  at  two  nicrometeorological  sites  in  the  North-central  plains  of 
Germany.  R.  Luetzke  provides  an  interesting  illustration  by  means  of  a 
photographic  picture  of  a  small  tame  to  plant,  after  a  late- spring  night 
with  such  a  temperature  anomaly,  with  leaves  unharmed  near  the  ground 
and  frozen  at  upper  parts,  even  though  the  exposure  of  all  leaves  to  out¬ 
going  radiation  was  about  the  same.  He  concludes  that  e  profile  type 
with  minimum  temperature  near  the  2>*cm  level  is  most  likely  to  occur 
when  the  over-all  air  motion  is  week,  and  the  heat  flux  from  the  subsoil 
is  relatively  large,  i.e.,  relatively  close  to  the  surface  value  of  net 
radiation.  He  quotes  as  supporting  evidence  the  fact  that  during  clear 
nights  with  snow- cover  cm  his  site  the  mln-tmnr.  temperature  always  oc¬ 
curred  at  the  surface,  even  under  conditions  of  complete  calm,  while  in 
otherwise  similar  nights  without  snow-cover  the  minimum  occurred  some 
distance  above  the  surface;  this  he  attributes  to  the  heat- insulating 
effect  of  the  snow,  vnich  is  known  to  be  a  poor  conductor  and  to  reduce 
significantly  heat  flux  from  belcw.  Over  bare  ground  Luetzke  observed 
a  slight  tendency  for  better  development  of  the  anomaly  in  the  first 
pert  of  the  night,  i.e.,  when  the  heat  flux  from  the  subsurface  is  rela¬ 
tively  lsrje. 
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Disregarding  heat  of  condensation  (or  dew  deposit)  the  heat  budget 
equation  of  the  earth/air  interface  is 

-  s0  + 

where  R  •  net  radiation,  and  S  and  Q  are  the  fluxes  of  heat  by  conduc¬ 
tion  (or  convection)  in  the  suosurface  medium  and  in  the  air,  respec¬ 
tively.  The  subscript  "zero"  refers  to  surface  values  of  the  quantities. 

At  nighttime  Rq  is  negative,  and,  not  only  the  sum,  30  +  Qq,  but  both 
terms  individually  will  be  negative.  Then  the  difference  between  a 
poorly  and  an  efficiently  conducting  sub-surface  medium  is  that  the  ratio 
So/Qo  will  relatively  snail  for  the  former,  and  relatively  large  for 
the  latter.  Luetzke's  conclusion  can  be  re- formula ted  by  saying  that  the 
prerequisi*  for  anomalous  temperature  profile  structure  is  a  negative 
Qo  value  o-  an  intensity  which  is  relatively  snail  m  comparison  to  that 
of  net  radiation,  or  in  comparison  to  the  values  of  both  S3  and  Rq.  How¬ 
ever,  no  neat  budget  estimates  were  provided  by  Luetzke  (i960). 

In  this  connection  the  measurements  of  nicroc.eteorological  tempera¬ 
ture  profiles  during  the  antarctic  winternight  at  the  South  Pole,  in  195c, 
and  at  Little  America  V,  in  1957,  are  interest:  'f.  It  was  found  that  at 
Little  .America  V  the  minimum  temperature  quite  frequently  occurred  at  the 
6  cm  level,  while  at  the  South  Pole  the  minimum  tempers- ture  occurred 
nearly  always  at  height  zero,  for  otherwise  similar  meteorological  condi¬ 
tions  of  low  wind  speed  and  strong  outgoing  radiation.  Similar  equipment 
was  used  at  both  locations,  which  makes  it  safe  to  say  that  instrumental 
errors  cannot  explain  this  anomaly. 

The  most  striking  difference  between  the  two  antarctic  sites  is  in 
the  physical  structure  of  the  snow.  The  thermal  parameters  (such  as  volu¬ 
metric  heat  capacity,  and  heat  conductivity)  appeer  to  be  significantly 
lower  on  the  central  entarctic  plateau  than  at  stations  near  the  coest. 

A  caparison  of  average  heat-budget  constituents  at  the  antarctic  snow 
surface  was  given  by  P.  Dalrymple,  H.  Lettau,  and  S.  Wollaston  (1963)* 

From  Table  8. 3-1  of  their  report  and  Table  8.3.I  of  this  report  it  follows, 
for  example,  that  in  1956  at  the  South  Pole  during  the  month  of  July 
(which  shows  negative  averages  of  SQ  and  Qq),  the  ratio  Sq/Qq  is 
3 ;50  =  3.0c,  while,  in  1957  at  Little  America  V  during  July,  it  is 
lii/17  =  C.8 2,  i.e.,  ik  times  larger.  Evidently,  together  with  the  above 
statement  concerning  frequency  of  occurrence,  this  supports  Luetzke's  con¬ 
clusion  on  the  importance  of  sub-surface  heat  flux  for  the  development 
of  anomalous  temperature  profiles-. 

Furthermore,  it  appears  safe  to  say  that  the  two  sets  of  micrameteo- 
roJogical  data  from  the  antarctic  region  provide  an  argument  against  an 
explanation  of  the  elevated  minimum  as  being  caused  by  divergence  of 
radiation  fluxes.  In  view  of  the  very  low  temperature  and  extremely  low 
atmospheric  moisture  of  the  air  in  the  antarctic  winter  night,  any 


divergence  of  long-wave  radiation  fluxes  thbt  ray  p-cs:lly  exist  rust 
be,  by  several  orders  of  magnitude,  smaller  than,  for  example,  in  the 
air  at  Poona,  in  the  subtropical  region.  In  spite  of  this,  the  anoraiy 
of  the  nocturnal  temperature  profile  was  of  similar  magnitude  at  Little 
America  and  Poona. 
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APPENDIX  B 


DATA  PRESENTATION 
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*KC  TQ4PERATURE  PROFILE  DATA 


Key  for  Temperature  Profile  Tables 
Symbol  Ho.  of  Observat ions /Hour 

♦  13  to  15 

=  10  to  12 

7  to  9 

#  1  to  6 

*  Accompanying  Wind  Profile 

No  symbol  is  used  for  hours  with  15  or 
more  observations;  hours  with  less  tLin 
4  observations  are  not  shown. 
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LITTLE  AMERICA  V 
Hourly  Mean  Tetaperatures  (-°C) 
31  March  1957 
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LITTLE  AMERICA  V 
Hourly  Mean  Temperatures  (-°C) 
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LITTLE  AMERICA  V 
Hourly  Mean  Temperature 
3  August  1957 
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LITTLE  AMERICA  V 
Hourly  Mean  Temperatures  (-°C) 
7  August  1957 
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LITTLE  AMERICA  V 
Hourly  Mean  Temperatures 
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1702-1802  46  665.6  96  737.6  196  SOO.O  396  S34.0  796  876.2 
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1158-1258  50  298.3  100  311,9  200  328.9  400  342.2  800  361. 

1259-1359  50  294.6  100  306.1  200  318.8  400  320.6  800  318. 
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Abstract  (continued) 

contribute  to  instability  at  Little  America  V,  while  overcast  skies  indicate  that 
instability  at  the  South  Pole  can  be  caused  sy  long-wave  r&u.ation  from  the  ~  n 
of  stratus  cloud.  The  seasonal  snift  tovarc  less  stable  conditions,  as  well  as 
the  rise  in  temperature,  was  aeiayed  >mtil  October. 

Air  temperature  profile  data  curing  winter  Ire^eaciy  snowed  tnat  tQe  mini¬ 
mum  temperature  occurred  at  the  t  or  12  cm  .Level,  prouuci.-ig  an  ’’anomalous"  pro¬ 
file.  A  study  of  tnis  phenoneaon,  oy  Dr.  H.  H.  Lettau,  1 6  included  as  Appendix  A. 

Values  of  the  roughness  lengtn  were  small  anc  erratic.  Wind  profile  struc¬ 
ture  also  was  distinctly  less  regular  than  at  the  South  Foie.  In  spite  of  this, 
Fichardson  numbers  changed  quite  systematically  with  height  below  •+  a,  suggesting 
a  tenceacy  for  compensation.  Cone  it  ions  indicate  that  e  c.txt  surface  layer 
for  momentum  and  heat  transfer,  if  it  existed,  was  often  so  snsllov  that  the 
levels  of  profile  obser\ ations  were  above  it. 

Eddy  heat  flux  was  computed  for  the  hours  cf  profile  'data  on  the  basis  of 
a  similarity  assumption  using  botn  estimated  surface  stress  (witn  Karmen's  con¬ 
stant  equal  to  0.126,  and  Deacon-number- corrected  wind  sr.ear)  anc  vertical  dif¬ 
ferences  of  temperature  and  wine,  speed  2. n  unc  xCVcst  u.^v6 r*w  •  oct&ln  rtpr 
sentative  climatological  means  of  ecu y  heat  liux,  a  statistical  relationship 
was  established  between  quartermaster  observations  (cca.enucg  profile  structure 
versus  bulk  stability)  and  regular  synoptic  or  standard  observations  supplied  by 

the  U.  S.  Weather  Bureau.  It  is  shown  that  it  is  permissible  to  employ  constant 

coefficients  of  transfer  of  momentum  and  heat  at  Little  America  V,  since  varia¬ 
tion  of  individual  coefficients  with  stability  was  quite  erratic  because  of  the 
complicated  profile  structure.  Average  eddy  heat  flux  varied  fro_.  zero  near 
neutral  stability  to  -0.0693  ly/nin  at  extreme  stability,  and  average  surface 
stress  from  1.6  dynes/cm2  to  0.4.  Averages  for  5-aay  periods  rc^v  peaks  of  sur¬ 
face  stress  accompanying  the  passage  of  low  pressure  areas  at  this  coastal 

station,  in  contrast  with  a  lower  average  and  smaller  range  at  the  continental 
South  Pole  Station. 

The  HTimial  variation  of  heat  flux  at  2  m  cepth  was  computed  by  Fourier 
analysis,  using  once-a-day  subsurface  temperature  observations  by  Chappell. 

The  surface  heat  flux  was  obtained  by  adding  the  heat  excn&nge  between  2  at  and 
the  surface,  computed  by  layer-by-layer  integration  of  nay- to-day  temperature 
changes,  to  the  heat  flux  at  2  a.  The  energy  budget  at  the  saov-air  interface 
is  discussed.  Computations  were  based  on  hourly  values  of  net  radiation 
supplied  by  Boinkes  and  heat  fluxes  into  air  and  snow  as  described  above.  The 
latent  heat  flux,  obtained  as  a  remainder,  indicates  deposition  in  tLe  6-moatb 
pe> iod  in  1957  equivalent  to  condensation  of  about  90  am  of  water,  1.2  times 
as  much  as  that  reported  for  Maudheim  during  corresponding  months  in  1950  and 
1951.  Increased  deposition  in  the  milder  winter  mo.itns  may  be  due  to  an 
accompanying  increase  ia  available  aoisture. 
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